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FOREWORD 


This handbook presents information and data for high explosives (HEs) of 
interest to programs at the Lawrence Livermore National Laboratory (LLNL) and 
other Department of Energy (DOE) facilities. It is intended to be useful to 
the scientist or engiviser, the novice or expert, who needs to develop a new 
weapon system, design a physics experiment, or select and/or evaluate an 
existing explosive. Research explosives are excluded since most such 
compositions are insufficiently characterized. 

This compilation is therefore limited to production HEs and their 
components. It is intended as a working handbook and not a historical 
document. The loose-leaf format is designed to permit easy revision and 
updating as new information and data become available. Thus, additions and 
corrections are welcomed by the compiler. 

High explosives are divided into two classes: initial detonating (or 
primary) and noninitiating (or secondary) explosives. The primary HEs, such 
as azides and fulminates, are extremely sensitive to ignition by heat, shock, 
and electrical discharge; ignition leads to high-order detonation of the 
material—even for milligram quantities. The use of these HEs is therefore 
limited to squibs and starting materials for low-energy detonators. Because 
primary explosives have little application at LLNL, this compilation includes 
only the properties of lead azide and lead styphnate. Secondary HEs as a 
class comprise single compounds or mixtures; the mixtures contain one or more 
explosive compounds and one or more of the following ingr.dieats: metals, 
binders, plasticizers, sensitizers or desensitizers, oxidizers, and a coloring 
agent. Because many of the secondary high explosives (which are formulated 
and manufactured within the DOE complex) are mixtures, the properties of the 
additives and binders used are included. 

The data are the most up-to-date and accurate available to the knowledge 
of the compiler. Some data, however, represent only a range, an 
approximation, or comparative value; this is especially true of explosive 
mixtures, and such cases are noted in the text as they occur. The sources of 
information include textbooks, journal articles, technical reports, memoranda, 
letters, and personal communications. Data not specifically referenced were 
obtained from an earlier edition of this compilation*; further information and 

* Properties of Chemical Explosives and Explosive Simulants , Lawrence 
Livermore National Laboratory, Livermore, CA, UCRL-51319, Rev., 1 (1974). 
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additional references can be obtained from the compiler. References are 
listed at the end of each chapter. THE READER IS URGED TO CONSULT THE SOURCE 
DOCUMENT TO PROPERLY EVALUATE AND INTERPRET THE DATA GIVEN IN THIS COMPILATION. 

The compilation consists of sections on high explosives and mock 
explosives, formulation nomenclature (codes), data sheets on individual 
materials, and a bibliography. Not all properties listed in the text and 
tables could be adapted to the data-sheet format, however. For the sake of 
uniqueness and convenience, in general only items not given as references are 
included in this bibliography. The references at the end of each chapter 
complement the bibliography; in fact they constitute specialized 
bibliographies. 

A list of abbreviations and symbols and a table of conversion factors are 
given below. All values and units have been converted to the International 
System of Units (SI)*; throughout this handbook, SI values are given in 
parentheses following values in English or metric units. The units and 
conversion factors are also given on other tables and figures where used. 

Reference to a company or product name in this compilation does not imply 
approval or recommendation of the product by the University of California or 
the Department of Energy to the exclusion of others that may be suitable. 


* Standard for Metric Practice , American Society for Testing and Materials, 
Philadelphia, PA, ASTM E 380-76e (1976). 
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ABBREVIATIONS AND SYMBOLS 


AFNOL 

AN 

AP 

ATBC 

AWRE 

b.p. 

BDNPA-F 

BDNPF 

BEAF 

BKW 

BTF 


c 

s 

CAB 

CEF 

CJ 

CTE 

D 

d 

c 

OATB 

dec< 

DEGN 

DFTNB 

DIMOL 

DIPAM 

DMFA 

DMSO 

DNPA 

DNPN 

DNT 

DOP 

E 


polymerization product of primarily DINOL and 4,4-dinitropimeloyl 
chloride 

ammonium nitrate 

ammonium perchlorate 

acetyl tributyl citrate 

Atomic Weapons Research Establishment, U.K. 
boiling point 

bis(2,2-dinitropiopyi) acetal/bis(2,2-dinitropropyl) formal, 50/50 

bis(2 ,2-dinitropropyl) formal 

l,2'-ethanediol bisdifluoronitroacetate 

Brinkley-Kistiakowski-Wilson (equation of state) 

benzotrifuroxan 

calculated bulk sound velocity 

longitudinal shear sound velocity 

specific heat 

transverse shear sound velocity 
cellulose acetate butyrate 
tris-R-chloroethyl phosphate 
Chapman-J ougue t 

coefficient ( thermal expansion 
detonation velocity 
critical diameter 

1.3- diamino-2,4,6-trinitrobenzene 
decomposition 

diethylene glycol dinitrate 
difluorotrinitrobenzene 

2 ,2,8,8-tetranitro“4,6-dioxa~l,9-nonanediol 

3.3- diaraino-2,2',4,4',6,6'-hexanitrobiphenyl 
N,N-dimethylformamide 

dimethylsulfoxide 
2,2-dinitropropyl acrylate 

4.4- dinitropentanonitrile 
2 ,4-dinitrotoluene 
dioctylphthalate 

energy 


X 


3/81 


tii’^ —i-imi 






EDNP ethyl 4,4-dinitropentanpate 

EGDN ethylene glycol dinitrate 

E ultrasonic modulus 

u 

f coefficient r£ friction 

f.p. freezing point 

FEFO bis(2-fluoro-2,2-dinitroethyl) formal 

G* complex shear modulus 

Hjq drop weight sensitivity 

HE high explosive 

HMX 1,3,5,7-tetranitro-l,3,5,7-tetrazacyclooctane 

HNAB 2,2',4,4',6,6'-hexanitroazobenzene 

HNS 2,2',4,4',6,6'-hexanitrostilbene 

HVD high velocity detonation 

J(t) creep compliance 

JWL Jones-Wilkins-Lee (equation of state) 

K degrees kelvin 

CfC bulk modulus 

LANL Los Alamos National Laboratory^ 

LLNL Lawrence Livermore National Laboratory 

LSGT large-scale gap test 

LVD low velocity detonati'on 

m.p. melting point 

MEK methyl ethyl ketone 

MIBK methyl isobutyl ketone 

MNT mononitrutoluene 

MW molecular weight 

N newton (pound-force) 

“ refractive index 

NC nitrocellulose 

NG nitroglycerine 

NM nitromethane 

NONA nonanitroterphenyl 

NQ nitroguanidine 

t As this report goes to press, the Los Alamos National Laboratory has not 
designated an acronymic abbreviation. We have therefore used LANL, which 
corresponds in style to the other facility acronyms used in this report. 
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V 


V 


v.p 

WLF 

AH 


det 


AH, 


B 

r 


Y 

e 

X 


V 

P 


Naval Surface Weapons Center 
Chapman-Jouguet pressure 
plastic-bonded explosive 
pentaerythritol tetranitrate 
Poisson's ratio 

Mason & Hanger-Silas Mason Co., Inc., Pantex Plant 
molecular refraction 

1.3.5- trinitro-l,3,5-triazacyclohexane 
rheometric mechanical spectrometer 
room-temperature vulcanizing 

Systeme Internationale (International System of Units) 

Stanford Research Institute 

small-scale gap test 

standard temperature and pressure 

temperature 

glass transition temperature 

2,4,8,10-tetranitro-5H-benzotriazolo-12,l-a]-benzotriazole 

1.3.5- triamino-2,4,6-trinitrobenzene 

2.4.6- trinitrophenyImethylnitramine 
tetrahydrofuran 

theoretical maximum density 
tetranitromethane 

2.4.6- trinitrotoluene 
volume 

velocity 
vapor pressure 

Williams-Landel-Ferry (shift equation) 

heat of detonation 
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linear CTE 
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CONVERSION FACTORS 



Symbol 

Unit system 


Multiplication 

factor 

U.S./British r.gs 

SI (m/k/s)^ 

Angle 


deg 

rad 

1.745 X 10-2 

C-J pressure 

'^CJ 

bar 

Pa 

1.00 X 105 

Creep 

J 

1/psi 

m^/N 

1.450 X 10“^ 

compliance 

1 

(= in.2/lbf) 



Density 

P 

g/ cm-^ 

Mg/ra^ 

1 

Detonation 

D 

mm/ysec 

km/ s 

1 

velocity 





Energy 

E 

cal/cm2 

J/m2 

4.184 X 10*^ 

Heat of 

AHdet 

cal/g 

J/kg 

4.184 X 103 

detonation^ 





Heat of 

AHf 

cal/g 

J/kg 

4.184 X 103 

formation^ 


kcal/mol 

kJ/mol 

4.184 

Initial 

Eq 

psi 

Pa 

6.895 X 103 

modulus 





Length 


A 

m 

10-10 



mil 

m 

2.54 X 10“5 

Pressure 

P 

psi 

Pa 

6.895 X 103 



atm 

Pa 

1.01 X 105 



bar 

Pa 

1.00 X 105 

S1iding 

V 

in./min 

m/ s 

4.233 X 10-^ 

v^ilocity 


ft/sec 

m/ s 

3.048 X 10"! 

Specific heat^ 

Cp 

Btu/lb-“F cal/g-“C 

J/kg-K 

4.184 X 103 

Temperature 

»T« 

A 

»F 

K 

1(Tf-32)/1.8] 





+ 273 



“C 

K 

Tc + 273 
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CONVERSION FACTORS. (Corif-inued) 




Unit system 


Multiplication 

factor 


Symbol 

U.S./British 

cgs SI 

(m/k/s)^ 

Thermal 

conductivity^ 

X 

Btu/hr-t‘'.'''F 

cal/cm-sec-°C 

W/ift-K 

W/r.rK 

1.73 

4.184 X 102 

Therma 

expansion 

CTE 

in./in.-“F 

cm/ cnr-“C 

ra/m-K 

ra/m-K 

1.8 

1 

Vapor 

pressure 

V. p. 


mm Hg, Torn 

Pa 

1.333 X 102 

Weight 


lb 


kg 

4.536 X lO”! 


^ In this column, the abbreviations used are those of the International 
System of Units (SI); in this system, degrees kelvin = K. 

^ Thermochemical Btu or calorie. 
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PROPERTIES OF CHEMICAL EXPLOSIVES AND EXPLOSIVE SIMULANTS 

I. HIGH EXPLOSIVES 

1. INTRODUCTION 


High explosives are metastable compounds or mixtures that can react 
rapidly to give gaseous products at high temperature and pressure. The 
attendant expansion of these products is the mechanism by which explosives do 
useful work. High explosives are like primary explosives in that reaction can 
be initiated by shock and heat. High errplosives, however, differ from primary 
explosives in three ways: 

1. Small unconfined charges (1-2 g), even though igui^'ed, do not 
transit easily from a burning or deflagration reaction to a 
detonation. 

2. Electrostatic ignition is very difficult (except in explosive dust 
clouds). 

3. ignition of any sort requires considerably larger shocks. 
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2. MANUFACTURE 


Pure explosives are usually synthesized by sulfuric/nitric-acid nitration 
of organic compounds. The product is separated from the mixed acids by 
filtration, purified, and dried. 

TNT is one of the few pure explosives that can be fabricated directly by 
melting and casting into a desired shape. Most other materials must be 
diluted either with TNT (to make them castable) or with plastic (to make them 
pressable) before they can be fabricated into useful shapes. 

The procedure used for fabricating castable, TNT-containing formulations 
is as follows: TNT i.s melted, and the desired solid ingredients are added 
with stirring. The molten mixture is then vacuum-cast into a mold. Cracking 
and variations in density and composition are minimized by careful control of 
the cooling rate. 

Plastic-bonded explosives (PBX) are pressed from "molding" powders, which 
may be produced in several ways. A typical preparative method is the slurry 
tecliTiique: crystalline explosive and water are agitated in a container 
equipped with cover, condenser, anJ stirrer. A lacquer, which consists of the 
plastic (together with a plasticizer, if required) dissolved in a suitable 
solvent, is added to the slurry. The solvent is not a solvent for the HE but 
wets the crystalline surfaces better than water. The solvent is immiscible 
with water and has a high vapor pressure. It is removed by distillation, 
which causes the plastic phase to precipitate out onto the explosive as a 
coating. The plastic-explosive agglomerates into "beads" as stirring and 
solvent removal are continued. Finally, water is removed from the beads by 
filtering and drying. The product is the molding powder. Good molding 
powders have a high bulk density and are free-flowing and dustless. 

PBX molding powder can be pressed into usable shapes by two methods: 

1) compression molding with st-tel dies and 2) hydrostatic (or isostatic) 
pressing. In the latter method, the explosive is placed in rubber sacks and 
subjected to fluid pressure. With either method, consolidation of the molding 
powder to reasonable densities (97% of theoretical) is obtained at pressures 
between 12,000 and 20,000 psi (83 and 138 MPa) and molding temperatures 
between 25 and 120‘*C (298 and 393 K). An important and necessary feature of 
molding is the use of vacuum. The molding powder is normally evacuated to a 
pressure of less than 1 mm Hg (133 Pa) before pressing. 
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Both pressed and cast explosives are usually machined to final shape-. 
Many intricate forms have been cut successfully. As a rule, the machining of 
explosives is similar to the machining of a conventional plastic, except that 
water is used as a cutting-tool coolant. New explosives are machined by 
remote control until their behavior under machining coiiditions has been 
carefully evaluated. 

2.1. SPECIFICATIONS 


Manufacture and testing of production explosives are controlled by 
specifications. Pertinent specifications are listed in Table 2-1. 


Table 2-1. Specifications for manufacture and testing. 


Material Specification 

designation number Title 


Explosives 


AN 

MIL-A-50460A 

Military Specifications for Ammonium Nitrate, 
Technical. 

AP 

OS 11354 

Navy Specification fo“ 

Ammonium Perchlorate. 

BDNPA-F 

WS-1141 

Weapons Specification for Mixture of Bis(2,2- 
dinitropropyl) acetal-Bis(2,2-dinitropropyl) 
formal. 

Comp A-3, A-4 

MIL-C-440B 

Military Specification 
A-4. 

for Compositions A-3 and 

Comp A-5 

MIL-E-14970 

Military Specification 

for Composition A-5. 

Comp B 

MIL-C-401C 

Military Specification 

for Composition B. 

Comp B-3 

MIT.-C-45113 

Military Specification 

for Composition B-3. 

Comp C-4 

MIL-C-45010 

Military Specification 

for Composition C-4. 

Explosive D 

JAN-A-166A 

Military Specification 

for Explosive D. 

FEFO 

RM-253202 

LLNL Material Specification for Liquid Explosive 
Bis(2-fluoro-2,2-dinitroethyl) formal (FEFO). 


Table 2-1. Specifications for manufacture and testing. (Continued) 


Material Specification 

designation number Title 


Explosives 


HEX 

MIL-E-22267A 

Military Specification for HBX-Type Explosives. 

HMX 

MIL-H-45444 

Military Specification for HMX. 

HNAB 

S8274590 

Sandia Specification for Synthesis of HNAB 
(Hexanitroazobenzene). 

LX-04 

RM-252353 

LLNL Material Specification for LX-04 Molding 
Powder. 

LX-07 

RM-253379 

LLNL Material Specification for LX-07 Molding 
Powder. 

LX-09 

RM-253200 

LLNL Material Specification for LX-09 Molding 
Powder. 

LX-10 

RM-253511 

LLNL Material Specification for LX-10 Molding 
Powder. 

LX-13 

RM-253520 

LLNL General Specification for LX-13. 

LX-14-0 

RM-253683 

LLNL Material Specification for LX-14 Molding 
Powder. 

LX-17-0 

RM-255117 

LLNL Material Specification for LX-17 High 
Explosive Molding Powder. 

Minol-2 

MIL-M-14745 

Military Specification for Minol-2 Composition. 

Octol 

MIL-0-45445 

Military Specification for Octol. 

PBX-9007 

PA-PD-711 

Picatinny Arsenal: Purchase Description for 
Powder, Molding Compound Explosive (PBX). 
(PBX-9007). 

PBX-9010 

OAC-PD-112 

Purchase Description for PBX-9010 Molding Powder. 

PBX-9011 

13Y-101030 

LANL Material Specification for PBX-9011 Molding 
Powder. 

PBX-9205 

13Y-103317 

LANL Material Specification for PBX-9205 
Manufactured by the Slurry Method. 
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Table 2-i. Specifications for manufacture and testing. (Continued) 


Material Specification 

designation number Title 


Explosives 

PBX-9404 

13Y-103159 

LANL Material Specification for PBX-9404 Molding 
Powder. 


RM-252336 

LLNL Material Specification for PBX-9404 Molding 
Powder. 

PBX-9407 

13Y-109098 

LANL Material Specification for PBX-9407 Molding 
Powder. 

PBX-9501 

13Y-109643 

LANL Material Specification for PBX-9501 Molding 
Powder. 

PBX-9502 

13Y-188727 

LANL Material Specification for PBX-9502 Molding 
Powder. 

PBX-9503 

13Y-190273 

LANL Material Specification for PBX-9503. 

PETN 

MIL-P-387 

Military Specification for Pentaerytbritol 
Tetranitrate (PETN). 

ROX 

MIL-R-398 

Military Specification for RDX. 

TATB 

13Y-188025 

LANL Material Specification for TATB 
(Triamino-trinitrobenzene) Molding Powder. 


RM-254959 

LLNL Material Specification for Ultrafine TATB. 

Tetryl 

JAN-T-339 

Joint Army-Navy Specification for Tetryl 
(Trinitrophenylmethylnitramine). 

TNT 

MIL-T-248 

Military Specification for TNT. 

XTX-8003 

13Y-104481 

LANL Material Specification for XTX~8003 

Extrudable Explosive. 

XTX-8004 

13Y-189496 

LANL Material Specification for XTX-8004 

Extrudabl Explosive. 

Binders 

Estane 

5702 F-1 

RM-253682 

LLNL Material Specification for Elastomer, 
Polyurethane. 


2-4 
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Table 2-1. Specifications for manufacture and testing. (Continued) 

Material Specification 

designation number Title 


Binders 


Estane 

5740 X-2 

13Y-101031 

LANL Material Specification for Estane 5740 X-2. 

Fluoro- 

elastomer 

£■>252988 

LLNL Material Specification for Uncured Fluoro- 
elastomer binder. 

pDNPA 

RM-253201 

LLNL Material Specification for 2,2-Dinitropropyl 
Acrylate Polymer (pDNPA) Plastic Binder. 

Kel-F 800 

13Y-188431 

LANL Material Specification for Kel-F 800. 

Polystyrene 

MIL-P-55026 

Military .Specification for Polystyrene, 

Unmodified (For Use as a Binder in Explosives). 

Sylgard 182 

13Y-104480 

LANL Material Specification for Dow Corning Resin 


93-022 (Aerospace Grade Sylgard 182). 


Explosive Parts 


RM-253391 LLNL Specification for Mechanical Properties 

Testing of Plastic-Bonded High Explosive Parts. 

RM-252356 LLNL General Specifications for Plastic-Bonded 
High Explosives. 

RM-255693 LLNL Minimuai Requirements for LX-IT Parts. 





NAMES AND FORMULATIONS 


This section consists of Tables 3-1 through 3-6, which list the names and 
formulations of the various materials for which data are reported in this 
handbook. The high explosive (HE) compositions are arranged by major 
component in Table 3-6. 

Table 3-1. Pure explosive compounds. 


Material^ 


Chemical name^ 


Other designations Color 


AN Ammonium nitrate 

AP Ammonium perchlorate 

BTF Benzotris[l,2,5]oxadiazole, 

I, 4,7-trioxide 

DATS 2 ,4,6-Trinitro~l ,3- 

benzenediamine 

DE-N 2,2'-0xybisethanol, 

dinitrate 

DIPAM 2 ,2',4,4',6,6'-Hexanitro- 

II, 1-biphenyl]-3,3'-diamine 

DNPA 2 .'l-Dinitropropy i acrylate 

EDNP Ethyl 4,4-dinit:ropentanoate 

Explosive D Ammonium picrate 

FEFO 1,1*-lMethylenebis(oxy)Ibis- 

[2-fluoro-2,2-dinitroethane] 



Clear 


White 

Benzotrifuroxan; 
Hexanitrosobenzene; 
Benzotrifurazan- 
N-oxide 

Buff 

1,3-Diamino-2,4,6- 
trinitrobenzene 

Yellow 

Diethylene glycol 

dinitrate; 

Dinitrodiglycol 

Clear 

3,3'-Diamino- 
2,2',4,4',6,6'- 
Hexanitrobiphenyl; 
Hexanltrodipheny1 
amine hexite; 
Dipicramide 



Off-white 

Ethyl 4,4- 
dinitrovalerate 

Yellow 

Dur. lite 

Yellow/red 

Bis(2-fluoro-2,2- 

Straw 


dinitroethyl) formal 
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Table 3-1. Pure explosive compounds. (Continued) 


Material^ 

Chemical name^ 

Other designations 

Color 

HMX 

Octahydro-l,3,5,7-t&tranifcro- 
i ,3,5,7-tetrazocine 

1.3.3.7- Tetranitro- 

1.3.5.7- tei;raza- 
cyclooctane; 
Cyclotetramethylene 
tetranitramine; 

Octogen 

White 

HMB 

Bis(2,4,6-trinitrophenyl)- 
diazene 

2,2*4,4' ,6,6'-Hexa- 
nitroazobenzene 

Reddish- 

orange 

HNS 

Lead azide 

1,1'-(1,2-Ethenediyl)bis- 
[2,4,6-trinitrobenzene] 

2,2* ,4,4*,6,6'-Hexa- 
iiitrostilbene 

Yellow 

White 

Lead 

styphnate 

2,4,6-Trinitro-i,3-be«zenc- 
diol, lead salt 

Lead trinitro- 
resorcinate 

Orange- 

yellow/ 

brown 

NC (12% N)c 

Partially nitrated cellulose 

Nitrocellulose 
(lacquer grade); 
Cellulose trinitrate; 
Piroksilin; Pyroxylin 

White 

NC (13.35i 

N» min)® 

Partially nitrated cellulose 

Nitrocellulose; 

Guncotton 

White 

NC (14.14% 
N)® 

Partially nitrated cellulose 


White 

NG 

1,2,3-Propaneti'iol, trinitrate 

Nitroglycerin; 

Glycerolnitrate 

Clear 

NM 

Nitromethane 


Clear 

NQ 

Nitroguanidirie 

Picrite 

White 

PETN 

2,2-Bi8l(nitrooxy)methyl]- 
l ,3-propanediol, dinitrate 

Pentaerythritol 
tetranitrate; 
Penthrite; TEN; 
Nitropenta 

White 

Picric acid 

2 ,4,6-Trinitrophenol 

Melinite; Perlit; 
Lyddit; 1-Hydroxy- 
2,4,6-trinitrobenzene 

Yellow 









Table 3-1. Pure explosive compounds. (Continued) 


w 

Material^ 

Chemical narae*^ 

Other designations 

Color 


RDX 

Hexahydro-1,3,5-trinitro- 

1,3,5-Trinitro-l,3,5- 

White 



1,3,5-triazine 

triazacyclohexane 

Cyclotrimethylene 
trinitramine; 

Hexogen; Cyclonite; 

Gh; T4; 1,3,5- 

Trinitrotrimethylene- 

triamine 



lACOT 

2,4,8,10-Tetranitro-5H-benzo- 

Tetranitrodibenzo- 

Red- 



triazolo-12,l-a]-benzo- 

1,3a,4,6a- 

orange 



triazol-6-iuin, hydroxide, 
inner salt 

tetrazapentalene 



TATB 

2,4.6-Trinitro-l,5,5-benzene- 

1,3,5-Triamino-2,4,6- 

Bright 



triamine 

trinitrobenzene 

yellow 


Tetry'j. 

N-Methyl-N,2,4,6-tetranitro- 

2,4,6-Trinitropheny1- 

Yellow/buff 

• 


benzenamine 

methylnitramine’, 
N-methyl-N,2,4,6- 
tetranitroaniline; 
Tetranitromethy1- 


TNM 

Tetranitromethane 

aniline; Pyronite; CE 

Clear 



TNT 

2-Methyl-1,3,5-trinitro- 

2 ,4,6-Trinitrotoluene 

Buff/ 



benzene 

Trotyl; T; Tolit 

brown 


® Properties of these materials are surnmarized in the data sheets 
(Section IV). 

D The chemical names are listed in the Chemical Abstracts Index Guide 
(American Chemical Society, Columbus, OH, 1977+). 

c Nitrocellulose is not, strictly speaking, a single chemical compound. 
Different grades are commercially available; the grade denotes the degree of 
nitration. For this handbook, we cite data, where possible, that is 
characteristic of lacquer-grade nitrocellulose (12.0% N) and guncotton 
(13.35% N, min). Lacquer-grade nitrocellulose is not an explosive but an 
energy-contributing plastic binder in PBX-9404. The maximum possible 
nitration is 14.14%. 




Table 3-2. Cast explosives: 


names and formulations. 


Explosive^ 


Formulation (wt^l^ 


TNT 

RDX 

Other ingredients 


Amatol 80/20 

20 

— 

AN 

80 

Baratol 

24 

— 

Ba(N 03 )£ 

76 

Boracitol 

40 

— 

Boric acid 

60 

Comp A-3 


91 

Max 

9 

Comp A-5 

— 

98.5-99 

Stearic acid 

1.5-1 

Comp B, Grade A^ 

36 

63 

Wax> 

1 

Comp B-3 

40 

60 



Cyclotold 75/25 

25 

75 



H-6 

30 

45 

A1 

20 




Wax 

5 




(CaCl2 

0.5) 

HBX-1 

38 

40 

A1 

17 




Wax 

5 




(CaCl 2 

0.5) 

H8X-3 

29 

31 

A1 

35 




Wax 

5 




(CaCl 2 

0.5) . 

Minol-2 

40 


A1 

20 




AN 

40 

Octol 

25 

— 

HMX 

75 

Pentolite^ 

50 

— 

PETN 

50 

Tritonal 

80 

— 

A1 

20 


3 Properties of most of these materials are summarized in the data sheets 
(Section IV). 

“ The wt% values are nominal and subject to some variation, 
c Comp B, Grade A is formulated as a 60/40 RDX/TNT mixture, but high-quality 
castings usually are higher in RDX content because a TNT-rich section is 
removed from the top of the casting. 

d There are several cyclotols and pentolites. The most common cyclotol is 
RDX/TNT 75/25. The properties of cyclotol 60/40 are listed as Comp B-3. The 
most common pentolite is PETN/TNT 50/50. 
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Table 

3-3. Plastic-bonded 

explosives: names 

and 

formulations. 

Explosive^ 

Other designations 

Formulation 

Ingredient 

wt% 

Color 

LX-04-1 

PBHV-85/15 

HMX 

85 

Ye1 low 



Viton A 

15 


LX-07-2 

RX-04-BA 

HMX 

90 

Orange 



Viton A 

10 


LX-09-0 

RX-09-CB 

HMX 

93 

Purple 



pDNPA 

4.6 




FEFO 

2.4 


LX-09-1 


HMX 

93.3 

Purple 



pDNPA 

4.4 




FEFO 

2.3 


LX-10-0 

RX-04-DE 

HMX 

95 

Blue-green spots 



Viton A 

5 

on white 

LX-10-1 

RX-04-EA 

HMX 

94.5 

Blue-green spots 



Viton A 

5.5 

on white 

LX-11-0 

RX-04-PI 

HMX 

80 

White 



Viton A 

20 


LX-14-0 

RX-04-EQ 

HMX 

95.5 

Violet spots 



Estane 


on white 



5702-Fl 

4.5 


•LX-15 

RX-28-AS 

HNS-1 

95 

Beige 



Kel~F 800 

5 


■LX-16 

RX-15-AD 

PETN 

96 

White 



FPC 461 

4 


LX-17-0 

RX-03-BB 

TATB 

92.5 

Yellow 



Kel-F 800 

7.5 


PBX-9007 

PBX-9007 Type B 

EU)X 

90 

White or mottled 



Polystyrene 

9.1 

gray^ 



DOP 

0.5 




Rosin 

0.4 


PBX-9010 


RDX 

90 

White 



Kel-F 3700 

10 
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Table 3~3, Plastic~bonded explosives: .names and formulations. (Continued) 


Formulation 


Explosive^ Other designations 

Ingredient 

wt% 

Color 

PBX-9011 

X-0008 

HMX 

90 

Off-white 



E. '•.ne 





5703-Fl 

10 


PBX-9205 


RDX 

92 

White 



Polystyrene 

6 




OOP 

2 


PBX-9404 

PBX-9404-03 

HMX 

94 

White or blue 



NC (li .OX N) 

3 




CEP 

3 


PBX-9407 


RDX 

94 

White or blackh 



FPC 461 

6 


PBX-9501 

X-0242 

HMX 

95 

White 



Estane 

2.5 




BDNPA-F 

2.5 


PBX-9502 

X-0290 

TATB 

95 

Yellow 



Kel-F 800 

5 


PBX-9503 

X-0351 

HMX 

15 




TATB 

80 

Purple 



Kel-F 800 

5 


PBX-9604 

RX-IO-AB 

RDX 

96 




Kel~F 800 

4 


^ Properties of 

most of these materials are summarized in the 

data 

sheets (Section 

IV). 




° Color depends 

on graphite content 

• 
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Table 3-4. Miscellaneous explosives: names and formulations 


Explosive^ 

Other designations 

Formulation 

Ingredient 

wt% 

Color 

Black Powder 

Black gunpowder 

KNO 3 

75 

Gray to bla^ 



Charcoal 

15 




Sulfur 

10 


Comp C-3 


RDX 

77 

Yellow 



TNT 

4 




DNT 

10 




MNT 

5 




Tetryl 

3 




NC 

1 


Cosup C”4 

Harrisite 

IlDX 

91 

Light brown 



Di{2-ethylhexyl) 





sebacate 

5.3 




Polyisobutylene 

2.1 




Motor oil 

1.6 


EL~506A 

Datasheet 

PETN 

85 

Red 



Binder 

15 


KL-506C 

Datasheet 

PETN 

63 

Olive 



NC (12.3X N) 

8 




ATBC 

29 


LX-O'i 

NTN, RX-Ol-AA 

NM 

51.7 

Clear 



TNM 

33.2 




l-rNitropropane 

15.1 


LX-02-1 

EL-506 L-3 

PETN 

73.5 

Buff 


RX-02-AC 

Butyl rubber 

17.6 




ATBC 

6.9 




Cab-O-Sil 

2.0 


LX~08 

RX-02-AM 

PETN 

63.7 

Blue 



Sylgard 182 

34.3 




Cab-O-Sil 

2.0 


I.X--13 


PETN 

80 

White 



Sylgard 182 

20 





Table 3-4. Miscellaneous explosives: names and formulations. (Continued) 


_ Formulation _ 

Explosive^ Other designations Ingredient wt% 


MEN-II 

RX-Ol-AC 

NM 

72.2 



Methanol 

23.4 



Ethylenediamine 

4.4 

XTX-8003 

Extex 

PETN 

80 



Sylgard 182 

20 

XTX-8004 

X-0208 

RDX 

80 



Sylgard 182 

20 


3 Properties of most of these materials are summarized in the 
sheets (Section IV). 


Color 


Clear 


White 

White 


data 
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Table 3-5. Additives and binders. 


Material® 

Chemical name 

Other designations 

Color 

BDNPA-F 

Bis(2,2-dinitropropyl) 
acetal/bis(2,2-dinitro- 
propyl) formal, 50/50 wt% 


Straw 

Cab-O-Sil M-5 


Amorphous silicon 
oxide 

White 

CEF 

Tris-g-chloroethyl- 

phosphate 


Clear 

DOP 

Di(2-ethylhexyl) phthalate 

Dioctylphthalate 

Clear 

Estane 5702-Fl 


Polyurethane 
solution system 

Light amber 

FPC 461 

Vinyl chloride/chlorotri- 
fluoroethylene copolymer, 
1.5:1 


White 

Kel-F 800 

Chlorotrifluoroethylene/ 
vinylidine fluoride 
copolymer, 3:1 


Off-white 

Polystyrene 



Clear 

Sylgard 182 

PolyCdimethylsiloxane) 

Silicone resin 

Light straw 

Viton A 

Vinylidine fluoride/hexa- 
fluoropropylene copolymer, 
60/40 wtZ 


White 


3 Properties of these materials are summarized in the data sheets 
(Section IV). 
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Table 3-6. Explosive compositions by major HE component. 


Major 

component (wt%) 

Other constituents (wt%) 

Designation 

AN 

80 

TNT 20 

Amatol 80/20 


40 

TNT 40 A1 20 

Minol-2 

HMX 

95.5 

Estane 5702-Fl 4.5 

LX-14 


95 

Viton A 5 

LX-10-0, 


95 

Estane 2.5 BDNPA-F 2.5 

PBX-9501 


94.5 

Viton A 5.5 

LX-10-1 


94 

NC 3 CEF 3 

PBX-9404-3 


93 

FEFO 2.4 DNPA 4.6 

LX-09-1 


90 

Viton A 10 

LX-07-2 


90 

Estane 5703-Fl 10 

PBX-9011 


85 

Viton A 15 

LX-04-1 


80 

Viton A 20 

LX-11 


75 

TNT 25 

Octol 75/25 

KNS-I 

95 

Kel-F 800 5 

LX-15 

NM 

72.2 

CH3OH 23.4 Ethylene diamine 4.4 

MEN-II 


51.7 

TNM 33.2 Nitropropane 15.1 

LX-01 

PETN 

96 

FPC 461 4 

LX-16-0 


85 

Binder 15 

EL-506A 


80 

Sylgard 182 20 

LX-13, XTX-8003 


73.5 

Rubber 17.6 ATBC 6.9 Cab-O-Sil 2.0 

LX-02-1 


63,7 

Rubber 34.3 Cab-O-Sil 2.0 

LX-08 


50 

TNT 50 

Pentolite 50/50 

RDX 

98.5-99 

Wax 1.0-1.5 

Comp A-5 


96 

Kel-F 800 4 

PBX-9604 


94 

FPC 461 6 

PBX-9407 


92 

PS 6 DOP 2 

PBX-9205 


91 

DEHS 5.J PIB 2.1 Motor oil 1.6 

Comp C-4 


91 

Wax 9 

Comp A-3 


90 

PS 9.1 DOP 0.5 Rosin 0.4 

PBX-9007 


90 

Kel-y 3700 10 

PBX-9010 


80 

Sylgard 182 20 

XTX-8004 


77 

TNT 4.0 DNT 10.0 MNT 5.0 NC 1.0 
Tetryl 3.0 

Comp C-3 


75 

TNT 25 

Cyclotol 75/25 


63 

TNT 36 Wax 1 

Comp B 


60 

TNT 40 

Cyclotol 60/40, 
Comp B-3 


45 

TNT 30 A1 20 Wax 5 (CaCl2 0.5) 

H-6 


40 

TNT 38 A1 17 Wax 5 (CaCl2 0.5) 

HBX-1 


31 

TNT 29 A1 35 Wax 5 (CaCl2 0-5) 

HBX-3 


3-10 


1/85 




Table 3-6. Explosive compositions by major HE component. (Continued) 



Major 

component (wt%) 

Other constituents (wt%) 

Designation 

TATB 

95 

Kel-F 800 5 

PBX-9502 


92.5 

Kel-F 800 7.5 

LX-17-0 


80 

HMX 15 Kel-F 800 5 

PBX-9503 

TNT 

50 

PETN 50 

Pentolite 50/50 


40 

AN 40 A1 40 

Minol-2 


40 

Boric acid 60 

Boracitol 



A. PHYSICAL PROPERTIES 


This section contains information relating to selected physical constants 
and properties of HEs of interest. These properties are: 

Physical state and density (p), 

Molecular weight (MW) and atomic composition, 

Melting point (m.p.), boiling point (b.p.), and vapor pressure (v.p,), 

Crystallographic and optical properties. 

The physical states, densities, niolecular weights and elemental 
compositions are listed in Table 4-1. For materials that are pure chemical 
compounds, molecular weights and molecular formulas are given; for mixtures, 
an arbitrary molecular weight of 100 is assigned, and an empirical formula 
corresponding to this weight is given. For such mixtures, the weight 
percentage of an element is given by the product of the atomic weight and its 
subscript in the empirical formula. Melting points, boiling points, and vapor 
pressures are shown in 'Loble 4-2 and in Fig. 4-1; crystallographic and op tical 
properties are listed in Table 4-3. 

Many properties of explosives are density-dependent. For calculations 
for mixtures, some useful auxiliary relationships between composition and 
density are as follows:^ 


i(TMD) 






V. 100 m./p . 

V. - Wj(„„/p.) . -=1-. 


w. «= 


lOO v.p. 100 m, 
11 1 




Void V. = 1 - , 

1 0 

where TMD is theoretical maximum density, m is mass, v is volume, W is weight 
percent, V is volume percent, p is theoretical density, subscript i 
designates the component, and p^ is the actual density of the mixture. 
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Table 4-i. Density, physical state and 


Physical 

Material state 

Amatol 80/20 Solid 

AN Solid 

AP Solid 

Baratol Solid 

BDNPA-F Liquid 

I Black powder Solid 

u 

Boracitol Solid 

BTF Solid 

Cab-O-Sil Solid 

CEF Liquid 

Comp A-3 Solid 

Comp A-5 Solid 

Comp B, Solid 

Grade A^ 


[g/cm^ (Mg/m^)] 


TMD 

Nominal 

Ref. 

1.710 

1.46 cast 

2 

1.725 

1.72 

2 

1.95 

— 

4 

2.63 

2.60- 

2.61 

— 

1.383- 

1.397 

at 25*C 

5 

<2.0 

'ul.91- 

•ul.95 

6 

—a 

1.53- 

1.54 

— 

1.901 

1.87 

— 

2.3 

2.2 

7 

1.425 


— 

1.672 

1.65 

pressed 

8 

1.757 

1.70 

pressed 

6 

1.742 

1.71 

— 


composition of explosives and additives. 


MW 

C 

H 

N 

0 

Other 

Ref. 

100 

0.62 

4.44 

2.26 

3.53 

— 

3 

60.05 

— 

4 

2 

3 

— 

2 

117.5 

— 

4 

1 

4 

Cl: 1 

2 

100 

0.74 

0.53 

0.90 

2.38 

Ba; 0.29 

3 



•ulO- 

<vl2 

«v0.5 


-v36 

K: -^29 6 

S: >ul0 

Ash: 'vO.5 

100 

1.23 

3.79 

0.53 

3.97 

B: 0.97 3 

252.1 

6 

— 

6 

6 

— 

60.09 

— 

— 

— 

2 

Si: 1 

285.5 

6 

12 

— 

4 

Cl: 3 

P: 1 

100 

1.87 

3.74 

2.46 

2.46 

3 

100 

1.41- 

1.44 

2.82- 

2.88 

2.66- 

2.67 

2.66- 

2.67 

3 

100 

2.03 

2.64 

2.18 

2.67 

3 


PHYSICAL STATE, DENSITY, MOLECULAR WEIGHT, AND ATOMIC COMPOSITION 
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Table 4-1. Density, physical state and atomic composition of explosives and additives. (Continued) 




Density, o 



Physical 

[g/cm^ 

(Mg/m^)] 


Material 

state 

TMD 

Nominal 

Ref 

Comp B-3c 

Solid 

1.75 

1.72 

— 

Comp C-3 

Putty-like 

solid 

— 

1.58- 

1.62 

— 

Comp C-4 

Putty-like 
solid 

1.67 

1.64- 

1.66 

14 

Cyclotol 

75/25 

Solid 

1.77 

1.75- 

1.76 

— 

Cyclotol 

60/40 

Solid 

— 

1.68 cast 

— 

DATB 

Solid 

1.837 

1.79 

— 

DEGM 

Liquid 

1.39 

— 

9 

DIPAM 

Solid 

1.79 

— 

10 

DNPA 

Solid 

1.4? 

— 

— 

DOP 

Liquid 

0.986 

— 

— 

EDNP 

Liquid 

1.28 

— 

— 

EL-506A 

Flexible 

solid 

— 

l.VS 

— 

EL-505C 

Flexible 

solid 

1.483 

1.46 

il 

Estane 5702-Fl 

Rubbery 

— 

1.18 

12 


solid 


Elemental Composition 


KW 

C 

H 

K 

0 

Other 

Ref 

100 

2.05 

2.51 

2.15 

2.67 

— 

3 

100 

1.90 

2.83 

2.34 

2.60 

— 

3 

100 

1.82 

3.54 

2.46 

2.51 


3 

100 

1.78 

2.58 

2.36 

2.69 


3 

100 

2.04 

2.50 

2.15 

2.68 

— 

3 

243.1 

6 

5 

5 

6 

— 


196 

4 

8 

2 

7 

— 

9 

454.1 

12 

6 

8 

12 



204.1 

6 

8 

2 

6 



390.6 

24 

38 

— 

4 



220.2 

7 

12 

2 

6 


— 

100 

2.41 

4.29 

1.08 

3.27 

— 

3 

100 

3.25 

5.49 

0.87 

2,68 

— 

3 

IQQ 

5.14 

7.50 

0.19 

1.76 


3 
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Table 4- 

Haterial 

Explosive D 

FEFO 

FPC 461 

H-6 

HBX-1 

HBX-3 

HMX 

HNAB-I 

HNAB-II 

HNS 

Kel-F 800 

Lead azide 


- Density, 


physical state and atomic composition of explosives and additives. 


(Continued) 


Density, p 


Physical 

state 

[g/cm^ 

TMD 

(Kg/rn^)] 

Nominal 

Ref. 

Solid 

1.717 

1.63 

2 

Liquid 

1.607 

— 

— 

Solid 

— 

1.70 

13 

Solid 

1.791 

1.75 

14 

Solid 

1.76 

1.71 cast 

15 



1.74 

15 



pressed 


Solid 

1.882 

1.84- 

14 



1.85 


Solid 

1.90 

1.89 

16 

Solid 

1.799 

— 

17 

Solid 

1.750 

— 

17 

Solid 

1.740 

1.72 

18,19 

Solid 

«... 

2.02 

20 


Solid 4.80 ^-3 dextrin. 


Elemental Composition 


HW 

C 

H 

N 

0 

Other 

246 

6 

6 

4 

7 

— 

320.1 

5 

6 

4 

10 

F: 2 

(210)^ 

n 

5 

4.5 

— 


Cl: 2.5 

F: 3 

100 

1.89 

2.59 

1.61 

2.01 

Al: 0.74 
Ca: 0.005 
Cl: 0.009 

100 

2.06 

2.62 

1.57 

2.07 

Al: 0.63 
Ca: 0.005 
Cl: 0.009 

100 

1.66 

2.18 

1.21 

1.60 

Al: 1.29 
Ca; 0.005 
Cl: 0.009 

296.2 

4 

8 

8 

6 

— 

452.2 

12 

4 

8 

12 

— 

452.2 

12 

4 

8 

12 

— 

450.3 

14 

6 

6 

12 

— 

(413,5)n 

8 

2 



Cl: 3 

F: U 

291 


— 

6 


Pb: 1 


Ref • 


2 


3 


3 


3 


3 

2 


Table 4-1. Density, physical state and atomic composition of explosives and additives. (Continued) 


Density, p 



Physical 

[g/cm 





Elemental Composition 



Material 

state 

TMD 

Nominal 

Ref. 

MW 

C 

H 

N 

0 

Other 

Ref. 

Lead 

styphnate 

Solid 

3.06 

3.02 

21 

468 

6 

3 

3 

9 

Pb: 1 

2 

LX-01-0 

Liquid 

1.23 

— 

— 

100 

1.52 

3.73 

1.69 

3.39 

— 

3 

LX-02-1 

Putty-like 

solid 

1.44 

1.43- 

1.44 

— 

100 

2.77 

4.86 

0.93 

2.99 

Si: 0.03 

3 

LX-04-1 

Solid 

1.889 

1.86- 

1.87 

— 

100 

1.55 

2.58 

2.30 

2.30 

F: 0.52 

3 

LX-07-2 

Solid 

1.892 

1.86- 

1.87 


100 

1.48 

2.62 

2.43 

2.43 

F: 0.35 

3 

LX-08-0 

Putty-like 
solid 

1.439 

>1.42 


100 

1.93 

4.39 

0.81 

2.95 

Si: 0.50 

3 

LX-OS 

Solid 

1.867 

1.84- 

1.85 

— 

100 

1.43 

2.74 

2.59 

2.72 

F: 0.02 

3 

LX-10 

Solid 

1.896 

1.86- 

1.87 

22 

100 

1.41- 

1.42 

2.66 

2.57- 

2.58 

2.57- 

2.58 

F: 0.16- 
0.17 

3 

LX-11-0 Solid 

LX-13 (See XTX-8003) 


1.87- 

1.88 


100 

1.61 

2.53 

2.16 

2.16 

F: 0.70 

3 

LX-14-0 

Solid 

1.849 

I.G3 

— 

100 

1.52 

2.92 

2.59 

2.66 

— 

3 

LX-15 

Solid 

1.752 

— 

23 

IOC 

3.05 

1.29 

1.27 

2.53 

Cl: 0.04 

F; .13 

3 

LX-16 

Solid 

1.767 

1.59- 

1.60 

24 

100 

1.61 

2.52 

1.22 

3.64 

F: 0,05 

3 
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Table 4-1. Density, physical state and atomic composition of explosives and additives. (Continued) 

Density, p _ 


Material 


Physical 

state 


[g/cm^ (Mg/m^)l 

Nominal 


Elemental Compositicr _ 

H N O bthei 


LX-17-0 

Solid 

1.944 

1.89- 

1.94 

— 

100 

2.29 

2.18 

2.15 

2.15 

Cl: 0.054 
F: 0.2 

3 

MEN-II 

Liquid 

1.017 

— 

— 

100 

2.06 

7.06 

1.33 

3.10 

— 

3 

Minoi-2 

Solid 

— 

1.70 

2 

100 

1.23 

2.88 

1.53 

2.56 

Al: 0.74 

3 

NC (12.02 N) 

Solid 

1.653 

1.50 

25 

(262.6)n 

6 

7 

2.25 

9.5 

— 


NC (13.352 H) 

Solid 

1.656 

— 

25 

(274.l)n 

6 

7 

2.5 

10 

— 


NC (14.142 N) 

Solid 

1.659 

— 

— 

(297.1)„ 

6 

7 

3 

11 

— 

25 

NG 

Liquid 

1.596 

— 

— 

227.1 

3 

5 

3 

9 

— 


NM 

Liquid 

1.13 at 20-C 
(293 K) 


— 

61.0 

1 

3 

1 

2 

— 


NO 

Solid 

i.n5 

1.55- 

1.75 

91 

104.1 

1 

4 

4 

2 

— 


Octol 75/25 

Solid 

1.843 

1.30- 

1.82 

— 

100 

1.78 

2.58 

2.36 

2.69 

— 

3 

PBX-9007 

Solid 

1-697 

1.66 

— 

100 

1.97 

3.22 

2.43 

2.44 

— 

3 

PBX-9010 

Solid 

1.822 

1.79 

— 

100 

1.39 

2.43 

2.43 

2.43 

Cl: 0.09 

F: 0,26 

3 

PBX-9011 

Solid 

1.795 

1.77 

— 

100 

1.73 

3.18 

2.45 

2.61 

— 

3 

PBX-9205 

Solid 

1.72 

1.68 

— 

100 

1.83 

3.14 

2.49 

2.51 

_ 

3 



Table 4-1. Density, physical state and atomic composition of explosives and additives 


(Goutinued) 


Density, p 



Physical 

[g/cm^ 

(MR/m^)l 



Elemental Composition 



Material 

state 

TMD 

Hominal 

Ref. 

MW C 

H 

N 

0 

Other 

Ref 

PEX-9404-3 

Solid 

1.865 

1.83- 

1.84 

— 

100 1.40 

2.75 

2.57 

2.69 

Cl: 0.03 

P: 0.01 

3 

PBX-9407 

Solid 

1.81 

1.60- 

1.62^ 

— 

100 1.41 

2.66 

2.54 

2.54 

Cl: 0.07 

F: 0.09 

3 

PBX-9501 

Solid 

1.855 

1.84 

— 

100 1.47 

2.86 

2.60 

2.69 



PBX-9502 

Solid 

1.942 

1.90 

— 

100 2.30 

2.23 

2.21 

2.21 

Cl: 0.038 
F: 0.13 

3 

PBX-9503 

Solid 

1.936 

1.88 

27 

100 2.16 

2.28 

2.26 

2.26 

Cl: 0.038 

3 

Pentolitfi 

50/50 

Solid 

1.71 

1.67 

— 

100 2.33 

2.37 

1.29 

3.22 

— 

3 

PETN 

Solid 

1.78 

1.76 

— 

316.2 5 

8 

4 

12 

— 


Picric acid 

Solid 

1.76 

1.60 

— 

229.1 a 

3 

3 

7 

— 


Polystyrene 

Solid 

1.12 

1.05 

28 

(104.2)n 8 

8 

- 

- 

— 


RDX 

Solid 

1.806 

— 

— 

222.1 3 

6 

6 

6 

— 


Sylgard 182 

Liquid 

1.05 

— 

25 

(74.16)n 2 

6 

— 

1 

Si; 1 


TACOT 

Solid 

1.85 

1.61 

— 

388.2 12 

4 

8 

8 

— 


TATB 

Solid 

1.938 

1.88 

— 

258.2 6 

6 

6 

6 

— 


Tetryl 

Solid 

1.73 

1.71 

— 

287.0 7 

5 

5 

8 

— 


TKM 

Liquid 

1.650 at 

P 

o 

— 

196.0 1 

- 

4 

8 

— 



(286 K) 

9 # # 


00 



Table 4-1. Density, physical state and atomic composition of explosives and additives. (Continued) 


Material 


Physical 

state 


Density, p _ 

[g/cm^ (Mg/m^)] 

ID Hominal 


Elemental Composition 


Other 


TNT Solid 1.654 1.5-1.6 ~ 227.1 7 5 3 6 

cast; 

1.63- 

1.64 

pressed 


Viton A 

Rubbery — 

solid 

1 . 8 - 1 .9 

30 

(187.Djj 5 

3.5 



F: 6.5 


XTX-8003 

Putty 1.556 

curable to 
rubbery solid 

2.1.53 


100 1.80 

3.64 

1.01 

3.31 

Si: 0.27 

3 

XTX-8004 

Putty 1.579 

curable to 
rubbery solid 

2,1.55 


100 1.62 

3.78 

2.16 

2.43 

Si; 0.27 

3 

® A TMD value 

based on boric acid and 

TNT is 1.52; 

however. 

some boric acid 

breaks 

down to 

E 2 O 3 

during vacuum 

casting 


at over 80°C (353 K). This has the effect of increasing the TMD by an unpredictable amount. 

^ Based on nominal composition of RDX/TNT/Wax 63/36/1. The wax was assumed to have the composition CH 2 . 
^ Based on nominal composition RDX/TNT 60/40. 

Nominal density in detonator and booster applications. 




AFNOI, 

ICS-iIQ 

(778-383) 




AH 

169 

(447.) 

54 

210 dec- 


AP 

>220 dae. 

<>4S3) 

54 

— 


Baratol 

79-30 

(352-353) 


— 


BDNPA-F 

— 

-- 


^150 at 
0.01 an 


Bortcitol 

79-80 

(’52-353) 




BTF 

198-200 

(471-473) 




CEF 

203 

(476) 

32 


X' 

1 

>-* 

Comp A-3 

200 

(473) 

33 


o 

Comp B, Grade A 

%80 

(•V.353) 




Comp B-3 

79-80 

(352-353) 




Comp C-4 

~ 

__b 




Cyclotol 75/25 

79-80 

(352-353) 




DATE 

286 

(559) 

34 



DEGN 

— 



160-161 


DIPAM 

304 

(577) 

10 



OOP 

~ 

— 


222-230 


EDNP 

-6 

(268) 

37 

83 at 
0.05 m 


EGDN 




— 

TO 

tri 

Explosive D 

■<-280 

(■<.553) 

38 

— 



boiling points b»p.. 


and. vapor pressures v.p 


N3 



(35S Bt 37 
6.7 P«) 


logP - 10.55 - 3476/T(K) 


39 


MELTING POINTS, BOILING POINTS, AND VAPOR PRESSURES 
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Table 4-2. Melting points m.p., boiling points b.p., and vapor pressures v.p. (Continued) 


Material 


___ 



b.p. 




A 

Vap. 


•c 

(K) 

Ref. 

•c 

(K) 

Ref. 

am Hg 


~TpI5 - 

Ref. 

FEFO 

14.5 

(287,5) 

40 

110 at 

0.3 wm 

(383 at 
40 Fa) 

40 

2.14 X 

10-4 at 25*C 

(2.85 X 10-2 at 298 K) 


HKX 

285 

(558) 

18 


— 


logP « 

16.18 - 9154/T(K) 


41 


at 97.6-129.3*C 


log? - 15.170 - 8596/T(K) 41 

at 188-213*C 








(logP “ 12.98 - 8407/T(K) 

35 







at 141.8-206.2*0 







3 X 10-9 at lOO'C 

(4 X 10-7 at 373 K) 

18 

HHA.B 

220 

(493) 

18 

~ 

1 X 10-7 at 100*C 

(1.33 X 10-5 at 373 K) 

18 

HNSc 

I: 315-316 

(588-589 

19 

— 

I: logP - 14.084 - 

9347/T(K) 

10 


dec. 

dec.) 






II: 318 

(591) 

18 

— 

11: 1 X 10-9 at 100 

|*C (1.33 X 10-7 at 373 K) 

18 

Lead azide 

Dec. 







Lead styphnate 

940-310 

(•i33-583) 







expl.-ict 







LX-01-0 

-54 

(219) 


~ 

29.0 at 25*C 

(3866 at 298 K) 


LX-02-1 


—b 


— 


— 


LX-04-1 

Dec.>250 

(>523) 


~ 


~ 


LX-07-2 

Dec.>250 

(>523) 


~ 


— 


LX-08-0 

129-135 

(402-4087 







vith dec. 







LX-09 

Dec.>280 

(>553) 


— 


— 


LX-10 

Dec.>250 

(>523) 


~ 


— 


LX-11 

Dec.>250 

(>523) 


— 


__ 


LX-13 (See XTX- 

■8003) 







LX-14-0 

Dec.>270 

(>543) 


~ 


— 


LX-15 

313 

(586) 

23 

— 
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Table 4-2. Melting points m.p., boiling points b.p 


and vapor pressures v.p. (Continued) 







b.p. 



a 

Vap* 


Material 

•c 

(k) 

Ref. 

*C 

(K) 

Ref. 

ass Hg 

(Pa) 

Ref. 

LX-17 







1.1 X 10-6 at 150*C 

(1.46 X 10-^ at 423 K) 

47 

MEN-II 

313 

(586) 

28 


— 



— 


KC(12.0X N) 
(13.35J K) 

Dec.>135 
Dec.>135 

(>408) 

(>408) 



— 



— 


NG 

13.2 

(286) 





0.0015 at 20‘C 

(0.2 at 293 K) 


NM 

-29 

(244) 


101 

(374) 

42 

logP - 10.821 - 3905/(t + 
37 at 25*C 

260) 

(4933 at 298 K) 

42 

KQ 

257 

(530) 

26 


— 



(logP - 11.10 - 7452/T(K) 
at 129.2-199.8*0 

35 

Octol 

79-80 

(352-353) 





0.1 at 100* 

(13.33 at 373 K; 


PBX-9007 

Dec.>200 

(>473) 



__ 



— 


Pi5X-9010 

Dec.>200 

(>473) 



~ 



— 


PBX-9011 

Dec.>250 

(>523) 



__ 



-- 


PBX-9205 

Dec.>200 

(>473) 



~ 



— 


PBX-9404 

Dec.>250 

(>523) 



~ 



— 


PBX-9407 

Dec.>200 

(>473) 



~ 



— 


PBX-9501 

Dec.>240 

(>515) 

43 


— 



— 


PBX-9502 

Dec.>400 

(>673) 

33 







Pentolite 50/50 

76 

(349) 



~ 


0.1 at lOO'C 

(13.33 at 373 K) 


PETH 

140 

(413) 

18 




8 X 10-5 at 100*C 

log? - 14.44'-6352/T(K) 

(1.1 X 10-2 at 373 K) 

(logP - 16.26 - 7356/T(K) 
at 40.5-132.9*0 

18 

35 

44 

Picric acid 

122 

(395) 

38 


— 


logP - 12.024 - 5729/T(K) 
at 58-103*C 

(logP « 10-17 - 5488/T(K) 
at 40.5-132.9*0 

35 

Polystyrene 

240 

(513) 

28 








AAA 
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Table 4-2. Melting points in.p., boiling points b. 



RDX 205 with (478) 45 

dec. 


TACOT 

Dec.>380 

(>653) 

46 


TATB 

452 

(725) 

27 



Dec.>325 

0598) 

35 


Tetryl 

130 

(403) 


— 

TNM 

14.2 

(287) 


125.7 (399) 

TNT 

80.9 

(354) 




XTX-8003 129-135 (402-408) — 

XTX-8004 200 with (473) 33 

dec. 

» 1 m Hg - 1.33 X 102 Pa. 
b Ko fixed nelting point. 

c Two type* of HNS are in production: HNS-I, <10 vs particle aixe; and 


and vapor pressures-v.p. (Continued) 



logP - 11.87 - 5850/T(K) 41 

at 55.7-97.7‘C 

(logP - 13.01 - 7014/T(K) 35 

at 70.7-174.2*0 


1.0 X 10-4 at 150*C (1.33 x 10-2 at 423 K) 47 

3.2 X 10-3 at 175*C (4.26 x 10-1 at 448 K) 47 

2.8 X 10-2 at 200*C (3.72 at 473 K) 47 

lo^ - 13.71 - 6776/T(K) 33 

at 85-106*C 

13 at 25*C (1733 at 298 K) 

logP - 8.63 - 2260/T(K) 48 ' 


(log? - 11.13 - 5410/T(K) 35 

at 46-124.5*0 

(14.13 at 373 K) 

39 
39 
39 

(logP » 12.60 - 5900 /T(k) 35 

at 28.3-76.0*0 

log? - 10.82 - 4908/T(K) 33 

at 80.8-95.2*0 


0.106 at 1C0*C 
logP - 8.11 - 3850/T(K) 
at 200-350*0 
log? - 12.31 - 5175/T(R) 
at 15-75*0 

log? - 19.25 - 7372/T(K) 
at 12-40*0 


i—II, 100-300 particle aize. 
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Table 4-3. Crystallographic and optical properties.® 


Material 

Polymorph 

Unit cell 
dimensions^ 

[A (10-1 nm)] 
and angles 

Crystal 

class 

Space 

group 

Refractive 

index 

(n) 

Molecular 

refraction 

(R) Ref. 

AN 

(125-169.6°C) 

Kc) 

p=1.58-1.61 

a=4.37 

Cubic 

Pm3m 

1.53C 

53,55-58 

85 

(84-125“C) 

11 (6) 

p=1.64-1.67 

a=5.72 

c=4.93 

Tetragonal 

*P42jm or 
P4/robm 

«=1.509 
c=1.585 


(32.3 to 84.1”C) 

iii(y) 

p=1.64-1.66 

a=7.72 

b=5.85 

c=7.16 

Or thorhotab ic 

Pnma 

0=1.463 

8=1.543 

Y= 1.600 


(-18 to 32.3“C) 

iv(e) 

p=1.71-1.75 

a=5.75 

b=5.44 

c»4.93 

Orthorhombic 

Pmmn 



(-18 to -150*0 

V(a) 

p=l.70-1.72 

a=8.0 

c=9.83 

Tetragonal 

P42 

0=1.493 

Y= 1.623 


AP 

(<240*0 


a=9.23 

b=7.45 

c=5.82 

Orthorhombic 

Pnma 

1.48 

54,59-61 

(>240“O 

p=1.71 obs. 

a=7.67 

Cubic 

F43m 



BDNPA-F 





1.462-1.464 
at 25*C (298 K) 

5 

BTF 

p=1.87 

a=6.92 
b=19.52 
c=6.52 

Orthorhombic 

Pna2^ 


62-63 

Cab-O-Sil 



Amorphous 


1.46 

7 


0 


4.3. CRYSTALLOGRAPHIC AND OPTICAL PROPERTIES 
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Table 4-3. Crystallographic and optical properties.® (Continued) 


Material 

Polytnorph 

Unit cell 
dimensions^ 

[A (10-1 na,)] 

and angles 

Crystal 

class 

Space 

group 

Refractive 

index 

(n) 

Kolecular 

refraction 

(R) 

Ref. 

DATE 

I 

P=1.837 

a=7.30 

b*5.20 

c=11.63 

e=95.9 


Pc 



34 

DEGN 






1.450 


38 

OOP 






1.485 at 25'>C 


36 

Explosive D 

(a) 

p=1.717 

a=13.45 

b=19.74 

c»7.12 


Orthorhombic 

Icab 

a= 1.509). „ 

8=1.85 h 


38,64 

(^^ISO’C) 

(E) 



Konoclinic 





HMX 

(103-162'’C) 

Il(a) 

a=15.14 

b=23.89 

c=5.91 


Orthorhombic 

Fdd2 

0=1.551-1.565 

8=1.562-1.586 

Y=1.72-1.74 

58 calc. 

55.7 obs. 

16,65-67 

86 

(<103'C) 

1(B) 

p=1.903 

a=6.54 

b=11.05 

c=8.70 

8=124.3 

Konoclinic 

?2i/c 

0=1.589 

8=1.594 

y=1.73 

58 calc, 
56.1 obs. 


(taetastable) 

IlKy) 

a=10.95 

b=7.93 

c=14.61 

8=119.4 

Konoclinic 

PciP2/c 

0=1.537 

8=1.585 

y=1.666 

58 calc. 

55.4 obs. 


(162 ni.p.) 

1V(6) 

a=7.71 

c=32.55 


Hexagonal 

P6i22 

c=l.566 

1.607 

56 calc. 

55.9 obs. 






Table 4—3. Crystallographic and optical properties 


a 


(Continued) 


Material 


Unit cell 
dimensioned 
U (10-1 na)] 
Polymcrph and angles 


Crystal 

class 


Refractive 
Space index 

group (a) 


Molecular 

refraction 

(R) Ref. 


HM5 

(<185*C) 

I 

p=1.795 

1.799 

calc, 
obs. 

a=10.15 

b=8.26 

c*10.06 

8*97.3 

Monoclinic 

P2 l/c 




17 

(>185‘’C) 

II 

p=1.744 

1.750 

calc. 

obs. 

a=10.63 

b=21.87 

c*7.59 

8 *102.6 

Monoclinic 

P2i/a 




17 

HMS 

I 

p=1.740 


a=22.13 

b=5.57 

c-14.67 

8*108.4 

Monoclinic 

P2i/c 




19,68 

Kel-F 800 







1.46 



20 

Lead azide 

(o) 

p=4.68 


3*6.63 

b=16.25 

c=11.31 


Orthorhombic 

Pnma 

0 *1.86 

8*2.24 

Y=2.64 

35.1 

obs. 

69-71, 87 


(8) 

p=4.87 


e=18.49 

b=8.84 

c*j.l2 

8=107.4 

Monoclinic 

C2/ib 





Lead styphnate 



a=10.06 

b=12.58 

c=8.05 

8*91.9 

Konoclinic 


0=1.554 

8 =2.20 

y=2.12 

73.9 

obs. 

21 

NG 







1.4732 at 20*0 



2 

NH 

(-268.8“C) 

NQ 



a=5.18 

b=6.24 

c=*8.52 

a=17.58 

b=24.85 

c=3.59 


Orthorhombic 

P2x2i2i 

Fdd2 

1.641 at 20.4*C 
and 8.65 GPa 

0=1.526 

8=1.694 

Y=1.81 

25.2 

22.2 

calc. 

obs. 

72. 88 

26,73,89 


00 

cn 


98/L 


^ ^ 


Table 4-3. Crystallographic and optical properties.® (Continued) 

Unit cell 

dimensions^ Refractive Molecular 

iA (10 ^ nm)I Crystal Space index refraction 

Polymorph and angles class group (n) (R) Ref. 


?ETN 

Ka) 

p=1.778 

a=S.38 

c=6.70 


Tetragonal 

P42i/c 

ii)=1.556l in Na 
c=1.55ljlight 



38.74-75 


ii(e) 

p=1.716 

a=13.29 

b=13.49 

c=6.83 


Orthorhombic 

Pcnb 





Picric acid 


a=9.25 

b=19.08 

c=9.68 


Orthorhombic 


1.620 at m-C 
0=1.6671 . „ 

6=1.699 J 
Y=1.742i 



30,76 

Polystyrene 


a=21.90 

c=e.e3 


Rhombohedral 


1.59-1.60 



28 

RDX 

Ko) 

p=1.799 

a=13.18 

b=11.57 

c=10.71 


Orthorhombic 

Pbca 

0=1.5781 

6=1.597 Ut 20“C 
Y=1.602J 

43.7 

41.4 

calc. 

obs. 

38,45, 

77-78 


11 (6) 

Unstable 









III 

Stable between 4- 

->9.2 GPa 






Sylgard 182 






1.430 



29 

TATB 


a=9.Gl 

b=9.03 

c=6.81 

a=108.6 

6=91.8 

y=120 

Triclinic 

pI 

0=1.45 

6=2.3 

Y=3.1 



79, 80 

Tetryl 


a-14,13 

b=7.37 

c=lG.6i 

6=95.1 

Monoclinic 

P2i/c 

1.606 

0=1.546 

6=1.632 



38,81 


y=1.74 calc. 
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Table 4-3. Crystallographic and optical properties.® (Continued) 




w:i 1 V uc > ■ u 

dimensions® 



Refractive 

Molecular 


Material 

Polymorph 

[A (10'^ nm)3 
and angles 

Crystal 

class 

Space 

group 

Index 

(n) 

refraction 

(R) 

Ref. 

TNM 





1.4359 


82 

TNT 

Phase A 

a=21.28 e=lll 
b= 6.09 
c=15.03 

Monoclinic 

P2,/c 

1.6 

Na 

Y=1.717j ^ 

44.3 calc. 
49.6 obs. 

68 ,83 


Phase B 

a=15.01 
b= 6.11 
c=20.02 

Orthorhombic 

Pca2^ 


68 




a O 

Refractivecindexes and molecular refractions are at 5893 A and 25®C (589.3 inn and 298 K) unless otherwise 
stated; 10 A = 1 nm. 

h ® 

‘^Unit cell dimensions are rounded to 0.01 A. 



CD 

en 
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5. CHEMICAL PROPERTIES 


This sectiol^ gives information on heats of formation (AH^), heats of 
detonation (AH, , compatibility, and solubility. 


r?.!. HEATS OF FORMATION 


Heats of formation are usually determined from combustion measurements in 

a bomb calorimeter; when experimental values are not available, they can be 

1 28 

estimated by several methods. * The heat of formation (AH^) refers to 
the enthalpy of the reaction 


^ ^(s) ■* 2 *^2(g) 2 ^2(g)'^ 2 ^2(g)'^ 


C H. N 0. • • • 
abed 


at 1 afcm (101 kPa) and 25®C (298 K). The sign conven'.ion is such that AH^ 
ia negative when the above reaction is exothermic. Table 5-1 gives heats of 
formation for explosives and binders. 


Table 

Heats of 

formation (AH^) 

for explosives 

and binders. 





Mf 



Fixplos I've 

Ir.cal/mol^ 

(kJ/mol)^ 

cal/g 

(kJ/kg)'^ 

Ref. 

Ams.tol 60/20 

-88.56 

(-370.8) 

-885.6 

(-3708) 

1 

AH 

~8T.2T 

(-365.1) 

-lOSU 

(-i+535) 

31 

AI' 

-TO.58 

(-295) 

-601 

(-2515) 

2 

■JJaratol 

-TO. 6 

(-296) 

-706 

-(2956) 

1 

bdnpa-f''' 

~k 6 , 3 Q 

(-19lt.l) 

-l;61i 

(-19IH) 


Boracitol 

-■256.6 

(-1071* ) 

-2566 

(-10737) 

1 

B'X'F 

^'lWs.5 

(+605) 

+573 

(-2397) 

1 

Cab-O-Sii 


(-903.5) 

-359!+ 

(-15037) 


Cl®’ 

-300 

(-1255) 

-1051 

(-U397) 
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Taole 5-1* Heats of formation (AH^) for explosives and binders. (Continued) 


Explosive 

kcal/mol^ 

(kJ/mol)^ 

cal/g 

(kJ/kg)° 

Ref. 

Comp A-3 

+2.81; 

(+ 11 . 9 ) 

+ 28.4 

(+ 119 ) 

1 

Comp A-5 

+6.1 

(+ 25 . 5 ) . 

+61 

(+ 255 ) 

1 

Comp B, Grade 

+1.28 

(+ 5 . 38 ) 

+ 12.85 

(+53.8) 

1 

Comp B-3 

+1.15 

(+l;.8l) 

+ 11.5 

(+48.1) 

1 

Comp C-3® 

+3.7J+ 

(+ 15 . 6 ) 

+ 37.4 

(+156.4) 

1 

Comp C-4'^ 

+3.33 

(+ 13 . 9 ) 

+ 33.3 

(+139) 

1 

Cycle tul 60/lt0 

(See Comp B-3) 





Cyclotol 75/25 

+ 3.21 

(+13.1;) 

+ 32.1 

+134 

1 

DATE 

-23.6 

(- 98 . 7 ) 

- 97.1 

(-406) 

28 

DEGN 

- 99.4 

(-I;l 6 ) 

-507 

(-2121) 

3 

DIPAM 

-6.8 

(-28.1;5) 

- 15.0 

(- 62 . 7 ) 

28 

DNPA 

-no 

(- 1 ; 60 ) 

-539 

(- 2255 ) 

1 

DOP 

- 268.2 

(-1122) 

-687 

(-2874) 

1 

EDNP 

-lUo 

(- 535 . 8 ) 

-636 

(- 2661 ) 

1 

EL-506A 

- 39.9 

(- 167 ) 

-399 

(- 1669 ) 

1 

el-506c 

-1;2.5 

(-178) 

-424 

(-1778) 

1 

Estane 5702-Fl 

-95 

(-397) 

-950 

(-3975) 

29 

Estane 570l;-X2 

-95 

(-397) 

-950 

(-3975) 

29 

Explosive ,D 

-9I+ 

(-393) 

-382 

(- 1598 ) 

3 

FEFO 

- 177.5 

(-7l;2.7) 

- 554.5 

(-2320) 

1 

FPC l+6i 

-190 

(- 795 . 0 ) 

- 909.5 

(- 3805 ) 

1 

H-6 

- 1.75 

(-7.31) 

-17.48 

(-73.1) 

1 

HBX-1 

-2.61; 

(-11. Ol') 

-26.4 

(-110.4) 

1 

HEX-3 

- 2.60 

(-10.89) 

- 26.02 

(- 108 . 9 ) 

1 
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Table 5~1- Heats of formation (AH^) for explosives and binders. (Continued) 



Explosive 

kcal/mol®’ 

(kJ/mol)^ 

cal/g 

(kJ/kg)® 

Ref 

HMX 

+17.93 

(+ 75 . 02 ) 

60.5 

(+ 253 . 1 ) 

1 

HNAB 

+67.9 

(+284.1) 

+ 150.2 

(+ 628 ) 

28 

HNS 

+18.7 

(+ 78 . 2 ) 

+41.5 

(+174) 

28 

Kel~F 800^ 

-578 

(-2418) 

-1398 

(-5848) 

1 

Kel-F 3700^ 

-l6l 

(-674) 

-1382 

(- 5783 ) 

1 

Lead a^idc 

+112 

(+469) 

+385 

(+ 1611 ) 

3 

Lead styphnate 

-200.0 

(- 837 ) 

-427.1 

(- 1787 ) 

3 

LX-01-0 

-27.5 

(- 115 . 1 ) 

-275 

(- 1151 ) 

1 

LX-02-1® 

-U 9 .I 

(-205.4) 

-491 

(-2054) 

1 

LX-0l*-l 

- 21.5 

(- 90 . 0 ) 

-215 

(-900) 

1 

LX-07-2 

- 12.3 

(- 51 . 5 ) 

-123 

(- 515 ) 

1 

LX-08-0® 

-HU 

(-184.1) 

-444 

(-1841) 

1 

LX-09-0 

+ 1,82 

(+ 7 . 61 ) 

+ 18.2 

(+ 76 . 1 ) 

1 

LX-09-1 

+ 2 .OOH 

(+ 8 . 38 ) 

+20.04 

(+83.8) 

1 

LX-IO'-O 

- 3 .IH 

(-13.1) 

- 31.4 

(-131) 

1 

LX-n-O 

LX~13 (See XTX- 

- 30.73 

. 8003 ) 

(- 128 . 6 ) 

- 307.3 

(-1286) 

1 

LX-14-0 

+ 1.50 

(+ 6 . 28 ) 

+ 15.0 

(+ 62 . 8 ) 

1 

LX-15 

-H.sH 

(- 18 . 16 ) 

-43.4 

(- 181 . 6 ) 

1 

LX-16 

-42.71 

(- 178 . 7 ) 

-427 

(- 1787 ) 

1 

LX-17-0 

-24.04 

(-100.6) 

-24o.4 

(- 1006 ) 

1 

MEN-II 

- 74.3 

(- 310 . 9 ) 

-743 

(- 3109 ) 

1 

Minol-2 

-46.43 

(- 194 . 3 ) 

-46)^ 

(- 1943 ) 

1 

NC (12.0^ N) 

1 /fit; 

- 173.7 

(- 727 ) 

-658 

(- 2754 ) 

33 
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Table 5-1- 


Heats of formation (AH^) for explosives and binders. (Continued) 


Explosives 

2 

kcal/mol 

(kJ/mol)^ 

cal/g 

(kJ/kg)° 

Ref. 

NC (13.35^ N, min) 

-163.0 

(-682) 

-574 

(-2402) 

33 

NC (llt.lW N) 

-156.0 

(-653) 

•^25 

(-2197) 

33 

NG 

-88.6 

(-371) 

-390 

(-1632) 

32 

NM 

-27.0 

(-113) 

-442 

(-1849) 

1 

NQ 

-22.1 

(-92.5) 

-212 

(-887) 

32 

Octol 75/25 

+2.78 

(+11.6) 

+27.8 

(+116) 

1 

PBX-900T® 

+7.13 

(+29.8) 

+71.3 

(+298) 

1 

PBX-9010® 

-7.87 

(-32.9) 

-78.7 

(-329) 

1 

PBX-9011® 

-It. 05 

(-17.0) ■ 

-40.5 

(-170) 

1 

PBX-9205® 

+5.81 

(+24.30) 

+58.1 

(+243) 

1 

PBX-9i^0l^-3® 

+0.08 

(+0.331) 

+0.8 

(+3.31) 

1 

PBX-9I+O7® 

+0.81 

(+3.39) 

+8.1 

(+33.9) 

1 

PBX-9501® 

+2.28 

(+9.5) 

+22.8 

(+95.4) 

1 

PBX-9502® 

-20.83 

(-87.2) 

-208 

(-871.5) 

1 

rBX-9503® 

-17.69 

(-74.0) 

-177 

(-740) 

1 

Pentolite 50/50 

-23.9 

(-99.9) 

-239 

(-999.0) 

1 

PETN 

-128.7 

(-538.5) 

-407 

(-1703) 

1 

Picric acid 

-51.3 

(-214.6) 

-224 

(-937) 

1 

f 

Polystyrene 

+18.9 

(+79.1) 

+181.7 

(+760) 


RDX 

+14.71 

(+61.55) 

+66.2 

(+277.0) 

1 

Sylgard 182^ 

-24.9 

(-104.2) 

335.8 

(-1405) 


TACOT 

+110.5 

(+462.3) 

+285 

(+1192) 

28 

TATB 

-36.85 

(-154.2) 

-i42.7 

(-597.1) 

1 
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Table 5-1* Heats of formation (AH^), for explosives and binders. (Continued) 


AHf 

Explosive 

kcal/mol*^ 

(kJ/mol)^ 

cal/g 

(kJ/kg)° 

Ref. 

Tetryl 

^■h.6T 

(+ 19 . 5 ) 

+ 16.3 

(+68.2) 

1 

TMM 

+13.0 

(+5U.)i) 

+66 

(+ 276 ) 

1 

TNT 

- 16.0 

(- 66 . 9 ) 

.- 70.5 

(- 295 ) 

32 

Viton A 

-332.7 

(- 1392 ) 

-1778 

(- 71 ^ 39 ) 


XTX-8003 

-39 

(- 163 ) 

-390 

(- 1630 ) 

1 

XTX-800i* 

-1.1|2 

(- 5 . 91 *) 

-111.20 

(-59.40) 

1 


a For mixtures, the molecular weight is arbitrarily taken as 100 g (see Table J+-1). 
b One kcal/mol = 4.l81^ kJ/mol. 
c One cal/g = lt.l8l+ kJ/kg. 
d Calculated. 

e The standard enthalpies of formation of the nonexplosive components of the 
mixtures were estimated from bond energies, 
f Estimated. 
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5.2. HEATS OF DETONATION 


The heat of detonation refers to the change in enthalpy for 

the high-order detonation of the explosive and is always a negative value . 
Initial and final states are taken at 25®C (298 K) and 1 atm (101 kPa) 
pressure. The experimental values listed in Table 5-2 were determined in a 
detonation calorimeter under heavy confinement in a gold cylinder. They were 
found to vary with density, and confinement of the charge. 

The maximum heat of detonation is a calculated value for the enthalpy of 
the reaction 

Explosive-»• Most stable products. 

The order chosen for the most stable products of CHNO explosives is H^O, 

CO^, and N 2 . If the explosive contains fluorine and/or chlorine, 

then the order is HF, HCl, H^O, CO^, and N^. These values 

represent the upper limit of the chemical energy obtainable from an 
explosive. In practice, however, the effective energy developed by a 
detonating high explosive is always smaller than the assumed thermodynamic 
maximum energy because 1) the actual shift of the product equilibrium along 
the adlabat to the freeze-out temperature yields products different from the 
most stable ones assumed and 2) the actual entropy is higher than for the 25''C 
(298 K) and 1 atm (101 kPa) pressure stipulated above. The TIGER code was 
found to give a more realistic estimate of the composition during expansion 
than did the calculation. 
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Table 5-2 


M^xisnim (-£H), , calculsted 

_ det 



H 

2°(1) 

HjO 

(8) 

Explosive kcal/g 

(KI,/kg>* 

kcal/g 

(KI/kg>* 

Amatol 80/20 

1.20 

(5.02) 

0.976 

(4.08) 

Baratolb 

0.74 

(3.10) 

0.72 

(3.01) 

Soracitoic 

0.40 

(1.67) 

0.20 

(0.84) 

BTFd 

1.69 

(7.07) 

1,69 

(7.07) 

Comp A-3 

1.58 

(6.61) 

1.39 

(5.82) 

Comp A-5 

1.62 

(6.78) 

1.61- 

1.62 

(6.74- 

6.78) 

Comp B, Grade A 

1.54 

(6.44) 

1.40 

(5.86) 

Corap B-3 

1.54 

(6.44) 

1.40 

(5.86) 

Comp C-3 

1.45 

(6.07) 

1,44 

(6.02) 

Comp C-4 

1.59 

(6.65) 

1.40 

(5.86) 

Cyclotol 60/40 

1.53 

(6.40) 

1.41 

(5.93) 

Cyclotol 75/25 

1.57 

(6.57) 

1.44 

(6,02) 

DATB 

1.26 

(5.27) 

1.15 

(4.81) 

DIPAM 

1.35 

(5.65) 

1.27 

(5.31) 

DNPA 

1.06 

(4,44) 

0.85 

(3.57) 

EDSP 

1,23 

(5.15) 

0.94 

(3.93) 

EL-506A 

1.62 

(6.78) 

1.38 

(5.77) 

EL-5G6C 

1.41 

(5.90) 

1.12 

(4.69) 

FEFO 

1.45 

(6.07) 

1.39 

(5.82) 


Heats of detonation (-AH, ) 

det 


Experimental 



keal/g (MJ/kg)* kcal/g (KJ/kg)* 


Experimental conditions _ 

Charge 

T dian Dcnaity, p 

•C {K) in. (an) [g/cn? (Mg/m^)) Kef- 


1.02 (4.27) “ _ __ (12.7) — 1,4 

1.41 (5.90) 1.41 (5.90) 25(298) 1/2(12.7) 1.66 1,5 

1 


1.20 (5.02) -- — 25(298) (8.47) 1.69 1 

1.20 (5.02) ■ 1.12 (4,69) 25(298) 1/3(8.47) 1.69 1 

0.98 (4.10) 0.91 (3.81) 25(298) 1/3(8.47) 1.80 1 


1.28 (5.36) 


1.21 


(5.06) 25(298) 1/2(12.7) 


1,61 


6 




Table 5-2• Heats of detonation (-AH, ), (Continued) 

det 


I 

00 


oo 


KsxiaiuB calculated Experinental 

«2°(t) " «2°(K) g2^(t) «2^ 


Explosive 

kcal/g 

(KJ/kg)“ 

kcal/g 

(KJ/kg)* 

kcal/g 

(KJ/kg)* 

kcal/g 

(HJ/kg)* 

HBX-1 

1.84 

(7.7) 

1.8 

(7.53) 

— 

— 

“ 

— 

HEX-3 

2.11 

(8.83) 

2.11 

(8.83) 

— 

— 

— 

— 

HMX 

1.62 

(6.78) 

1.48 

(6.19) 

1.32 

1.3 

1.48 

(5.52) 

(5.44) 

(6.19) 

1.37 

(5.73) 

HNAB 

1.47 

(6.15) 

1.42 

(5-94) 

— 

— 

— 

— 

HNS 

1.42 

(5.94) 

1.36 

(5.69) 

— 

— 

~ 

— 

Lead azide 

0.37 

(1.54) 

0.37 

(1.54) 

— 

— 

— 

— 

Lead atyphnal 

e 0.46 

(1.91) 

0.46 

(1.91) 

__ 

__ 

~ 

~ 

LX-01-0 

1.72 

(7.20) 

1.52 

(6.36) 

— 

— 

— 

— 

LX-02-ic 

1.42 

(5.94) 

1.16 

(4.85) 

— 

— 

~ 

— 

LX-04-1 

1.42 

(5.94) 

1.31 

(5.49) 

1.31 

(5.49) 

1.25 

(5.23) 

LX-07-2 

1.49 

(6.23) 

1.37 

(5.73) 

— 

— 

— 

— 

LX-08-0e 

1.98 

(8.27) 

1.77 

(7.41) 

— 

— 

— 

~ 

LX-09 

1.60 

(6.69) 

1.46 

(6.11) 

— 

— 

— 

— 

LX-10-0 

i.55 

(6.49) 

1.42 

(5.94) 

— 

— 

— 

~ 

LX-11-0 

1.38 

(5.77) 

1.28 

(5.36) 

1.12 

(4.69) 

1.16 

(4.85) 

LX-13 (See XTX-8003) 








LX-14-0 

1.58 

(6.59) 

1.43 

(5.95) 

— 

— 

— 

— 

LX-15 

1.53 

(6.40) 

1.34 

(5.61) 

— 

— 

— 

_ 


Experiaental coeditions 
Charge 

T diaro Density, p 

•C (K) in. (na) Ig/cm^ (Mg/a^)] Ref. 


25(298) (12.7) 
25(298) (12.7) 
25(298) 1/2(12.7) 


24(297) 1/3(8.47) 


1.20 

0.73 

1.89 


4.0 

2.9 


1.88 


25(298) 1/2(12.7) 


1.88 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1.5 


1 

1 


O' 
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Table 5-2. Heats of detonation (-AH, ). (Continued) 

det 

Maximum calculated Experimental Experimental conditions 



H 

2°(1) 

H 

20(8) 

R 

20(1) 

H 

20(g) 

T 

Ltiftrge 

diam 

Density, o 


Explosive 

kcal/g 

(Kl/kg)* 

kcal/g 

(Kl/kg)* 

kcal/g 

(KJ/kg)* 

kcal/g 

(MJ/kg)* 

•C (K) 

in. (mm) 

[g/cm^ (Hg/m^)] 

Rer, 

i.X-16 

1.59 

(6.65) 

1.46 

(6.11) 

— 

— 

— 

— 

— 

— 

— 

1 

LX-17-0 

1.31 

(5.48) 

1.02 

(4,27) 

-- 

— 

— 

— 

— 

— 

— 

1 

MEN-II 

1.38 

(5.77) 

1.05 

(4.39) 

-- 

— 

— 

— 

— 

— 

~ 

1 

Minol-2 

2.01 

(8.41) 

1.86 

(7.78) 

— 

— 

— 

— 

— 

__ 

— 

1 

NC (12.OX N) 

1.16 

(4.85) 

1.02 

(4.27) 

— 

— 

— 

— 

— 

“ 

— 

1 

HC (13.35X N, 
min.) 

1.16 

(4.85) 

1.02 

(4.27) 

— 


— 

— 

— 

— 

— 

1 

NC (1A.142 N) 

1.95 

(8.16) 

1.81 

(7.57) 

— 

— 

— 

— 

— 

~ 

— 

1 

NG 

1.59 

(6.65) 

1.48 

(6.19) 

— 

— 

— 

— 

— 

~ 

— 

1 

NM 

1.62 

(6.78) 

1.36 

(5.69) 

1.23 

(5.15) 

1.06 

(4.44) 

25(298) 

1/2(12.7) 

1.13 

6 

SQ 

1.06 

(4.44) 

0.88 

(3.68) 

— 

— 

— 

— 

— 

— 

— 

1 

Octol 

1.57 

(6.57) 

1.43 

(5.98) 

— 

— 

— 

— 

-- 

— 

— 

1 

PBX-9007 

1.56 

(6.53) 

1.39 

(5.82) 

— 

— 

— 

— 

— 

" 

— 

1 

PBX-9010 

1.47 

(6.15) 

1.36 

(5.69) 

— 

— 

— 

— 

— 

— 

— 

1 

PBX-9011 

1.53 

(6.40) 

1.36 

(5.69) 

— 

— 

— 

— 

— 

— 

~ 

1 

PBX-9205 

1.46 

(6.11) 

1.41 

(5.90) 

— 

— 

— 

-- 

— 

~ 

— 

1 

PBX-9404-03 

1.56 

(6.53) 

1.42 

(5.94) 

1.38 

(5.77) 

1.28 

(5.36) 

25(298) 

1/3(8.47) 

1.80 

1 

PBX-9407 

1.60 

(6.69) 

1.46 

(6.11) 

__ 

— 

— 

— 

— 

~ 

— 

1 

PBX-9501 

1.59 

(6.65) 

1.44 

(6.03) 

— 

— 

— 

— 

— 

— 

— 

1 

PBX-9502 

1.15 

(4.81) 

1.05 

(4.18) 

— 


— 

— 

25(298) 

— 

_ 

1 
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Table 5-2. Heats of detonation (-AH^ ). (Continued) 

det 


Maximum (-AH), , calculaCed 

det 


Experimental (-4H) 


«2°{g) 


Experimental conditions. 
Charge 

T diam Density, 


Explosive 

kcal/g 

(KJ/kg)* 

kcal/g 

(KJ/kg)* 

kcal/g 

(KJ/kg)* 

kcal/g 

(KJ/kg)* 

•C (K) 

in. (mn) 

Ig/cm^ (Mg/m^)] 

Ref. 

P3X-9503 

1.22 

(■ 5 . 10 ) 

1.11 

(4.64) 

— 

— 

— 

“ 

25(298) 

~ 

~ 

1 

Pentolite 

50/50 

1.53 

(6.40) 

1.40 

(5.86) 

1.23 

(5.15) 

1.16 

(4.85) 

21(294) 

1 (25.4) 

1.65 

7 

PETN 

1.65 

(6.50) 

1.51 

(6.32) 

1.49 

(6.23) 

1.37 

(5.73) 

25(298) 

1/2(12.7) 

1.73 

8 


— 

— 

— 


1.5 

6.29 

— 

— 

— 

(6.4) 

1.74 

1 

RDX 

1.62 

(6.78) 

1.48 

(6.19) 

1.51 

(6.32) 

1.42 

(5.94) 

23(296) 

1/3(8.47) 

1,78 

7,9 

TACOT 

1.41 

(5.90) 

1.35 

(5,64) 

0.98 

(4.10) 

0.96 

(4.02) 

23(296) 

1/3(8,47) 

1,74 

1 

TATB 

1.20 

(5.02) 

1.08 

(4.52) 

— 

~ 

-- 

— 

— 


— 

1 

Tetryl 

1.51 

(6.32) 

1.45 

(6.07) 

1.14 

(4.77) 

1.09 

(4.56) 

21(294) 

1 (25.4) 

1.71 

1 

TKMd.f 

0.55 

(2.30) 

0.55 

(2,30) 

— 

— 

— 

“ 

— 

— 

“ 

1 

TNT 

1.41 

(5.90) 

1.29 

(5.40) 

1.09 

(4.56) 

1.02 

(4.27) 

25(298) 

1/2(12.7) 

1.54 

6 

XTX-8003e 

1.88 

(7.69) 

1.69 

(7.07) 

1.16 

(4.85) 

1.05 

(4.39) 

25(298) 

1/2(12.7) 

1.55 

1.5 

XTX-8004 

1.87 

(7.82) 

1,67 

(6.99) 

—a 

... 


— 

— 

— 

— 

1 


a One cal/g “ 4.184 kJ/kg. 
b BaC 03 is thy 2 first product calculated. 

^203 is the first product calculated. 

d Contains little or no hydrogen; therefore, no water is formed, and values for H20(t) and H20(g) are identical, 
e Si 02 is the first product calculated. 

f A very small percentage of CH 2 impurity raises these values markedly. 




5.3. COMPATIBILITY 


Many materials have been tested for compatibility with various HEs; those 
listed or mentioned in this section are commonly used at the LLNL facility for 
explosive testing. In Tables 5-3 and 5-4, which list adhesives and fillers, 
those materials rated "A" have been evaluated extensively; those rated "B" 
have been screened for gross incompatibility only. If these materials are 
used as they are supplied (i.e., in the prepackaged catalyst/resin system), 
they are satisfactory for use as indicated. It is understood that the 
adhesives are used in minimal amounts, mixed according to supplier's 
instructions, and used only for limited times (i.e., from two to three months 
during environmental testing). 

The results of our compatibility tests are valid only for the specific 

10 

batch or lot of HE and adhesive tested. For different HEs and subsequent 
lots of adhesive, even from the same supplier, the reactivity and 
compatibility tests must be repeated. The supplier may change or "improve"' 
the material without notice; this could render the material incompatible. 

This compilation should not be regarded as complete; many other materials 
have been evaluated, but are not included here because they are not commonly 
used. Table 5-5 lists adhesive tapes found compatible with various HEs; any 
other tapes should be tested before use. 
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Table 5~3. Adhesives: Chemical reactivity and compatibility with HEs.® 


Adhesive 






H 

igh 

explosive 




cP 



.A 

^ ^ 

\V^ 

Adiprene LW520/MDA 

A 

A - 

A 

A 

A 

A 

A 

- 

A 

A 

A - A 

A 


Adiprene L-3l5/Polyol 

A 

A - 

A 

A 

A 

A 

A 

- 

A 

A 

A - A 

A 

- - 

Aerobond 2017 

- 

_ _ 

A 

A 

A 

- 

- 

- 

- 

- 

A - - 

- 

- 

Eastman 910 

A 

A A 

A 

A 

A 

A 

A 

- 

A 

A 

A - A 

A 

- - 

Epoxies^ 

- 

- - 

- 

- 

- 

- 

- 

- 

- 

- 

_ _ _ 

- 

. - 

Explostix 473 

- 

- - 

- 

- 

- 

- 

A 

- 

- 

- 

_ _ 

- 

- - 

Halthane 73-14*^ 

A 

A - 

A 

A 

A 

A 

A 


A 

A 

A - A 

A 

_ _ 

Halthane 73-15*^ 

A 

A - 

A 

A 

A 

A 

A 

- 

A 

A 

A - A 

A 

- - 

Halthane 73-18*^ 

A 

A - 

A 

A 

A 

A 

A 

- 

A 

A 

A - A 

A 

_ - 

Halthane 73-19*= 

A 

A - 

A 

A 

A 

A 

A 

- 

A 

A 

A - A 

A 

_ « 

Halthane 87-1® 

A 

A - 

A 

A 

A 

A 

A 

- 

A 

A 

A - A 

A 

- 

Halthane 88-2® 

A 

A - 

A 

A 

A 

A 

A 

- 

A 

A 

A - A 

A 

- - 

Laminae 4116 

- 

- A 

A 

A 

A 

- 

- 

- 

- 

- 

A - - 

> 


3M #465 

- 

_ - 

A 

A 

A 

- 

- 

A 

- 

- 

- A - 

- 

- - 

3M #466 

- 

_ - 

A 

A 

A 

- 

- 

A 

- 

~ 

- A - 



3M #Y9146 

- 

- - 

A 

A 

A 

- 

- 

A 

- 

- 

- A - 

- 

- - 

Quik-Stick Spray 

- 

- B 

- 

- 

- 

- 

- 

- 

- 

- 

_ _ _ 

- 

B B 


a A, compatible; OK for long-term storage. 

B, compatible; OK for short-term storage (less than 30 days), 
compatibility has not been checked. 

b BIPAX-2902, EPY-150, and Hysol epoxy patch kit are epoxies certified only 
for bonding strain gages to LX-04, LX-07, LX-10, LX-17, and PBX-9404. 
c Compositions, mixing ratios, and characterization of the Halthane adhesives 
are given in H. G. Hammon, L. P. Althouse, and D. M. Hoffman, D evelopment of 
Halthane Adhesives for Phase 3 Weapons: Summary Report . Lawrence Livermore 
National Laboratory, Livermore, CA, UCRL-52943 (1980). 








Table 5-4. Fillers and coatings: Chemical reactivity and compatibility.® 


High explosive 


Filler or Coating 


1^^ rvV 


.o' 


APC l'^’® 

APC 2.5***'^ 

APC S*’’® 

APC 300^ 

DP 4817 conductive 
FDA 2 Red 
FDA 3 Green 
GE RTV 632*’*®*^ 
Silastic RTV 732^ 
Silastic RTV 891^ 
Sylgard 184^^ 
Sylgard 186b 


A A 
A A 
A A 
A A 

Ag** A A 

A A 
A A 
A A 
A A 
A A 
A A 
A A 


A A A A A A 
A A A A A A 
A A A A A A 
A A A A A A 
A - A B - A 
A A - A A A 
A A - A A A 
A A A A A A 
A A A A A A 
A A A A A A 
A A A A A A 
A A A A A ^ 


A, compatible; OK for long-term storage. 

B, compatible; OK for short-term storage (less than 30 days), 
compatibility has not been checked. 

b These materials cure under the influence of a platinum catalyst. They are 
easily poisoned by a number of materials, and should therefore be mixed only 
in clean containers. 

c The APC (Addition Potting Compound) formulations were developed at LLNL 
and at PX. See W. E. Cady, Development of Alternate Silicone Potting 
Compounds . Vols. 1-9, Lawrence Livermore National Laboratory, Livermore, CA, 
UCRL-52434 (1978-1981). 

d DP means E. I. DuPont de Nemours and Co., Inc. 

e This formulation of a nonflowing material can be used where a material of 
very high viscosity is needed, 
f RTV means Room-Temperature Vulcanizing. 
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Table 5-5. Adhesive tapes compatible with HEs.® 


Manufacturer 

Trade name 

Number 

Color 

3M 

Scotch Brand Electrical Tape 

#3? 

Black 

3M 

Scotch Brand Mylar 

#56 ■ 

Yellow 

3M 

Scotch Brand Electrical 

#57 

Yellow 

3M 

Scotch Brand Masking 

#232 

Tan 

3M 

Scotch Brand Photo Tape 

#235 

Black 

3M 

Scotch Brand Double Sided Masking 

#400 

Tan 

3M 

Scotch Brand Tape 

#420 

Gray 

3M 

Scotch Brand Double Sided Masking 

#465 

Tan 

3M 

Scotch Brand Double Sided Masking 

#466 

Tan 

3M 

Scotch Brand Plastic 

#471 

Yellow 

3M 

Scotch Brand Plastic . 

#471 

Red 

3M 

Scotch Brand Plastic 

#471 

White 

3M 

Scotch Brand Cellophane Tape 

#600 

Clear 

3M 

Scotch Brand Cellophane Tape 

#850 

Clear 

3M 

Scotch Brand Magic Mending 

#810 

Clear 

3M 

Scotch Filament Tape 

#880 

Pearl 

3M 

Scotch Brand Double Sided Masking 

#Y9146 

Tan 

Behr-Manning 

Bear Tape 

#4/1 

Tan 

Hampton 

Manufacturing 

Company 

Blue Cross Tape 

■■ 

Yellow 

Mystik Tape, Inc. 

Mystic Tape 

#5803 

Black 

Okonite Company 

High Voltage Rubber Tape 

— 

Brown 

Permacel 

Permacel 

#29 

Black 

Permacel 

Permacel 

#32 

Red 
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Table S-5, Adhesive tape§ compatible with HEs. (Continued) 


Manufacturer 


Trade name 


Number 


Permacei 

Permacei Cellophane Tape 

— 

Clear 

Saunders 

Teflon Tape 

tfsisi 


Engineering 

Teflon Tape 

«S16 1 

Blue/brown 

Corporation 

Teflon Tape 

#S 18 J 


Technical Tape 
Corporation 

Tuck Tape 

— 

Yellow 

Technical Tape 
Corporation 

Tuck Tape 

” 

Black 


a Any tape not listed should be tested before use. 

5.4. SOLUBILITY 

Qualitative solubilities for explosives and related materials are given 
in Tables 5"-6 and 5'"7. Because the degree of solubility of a substance 
depends on concentration and temperature of the solvent, the reader should 
consult the references f determine the experimental conditions. 
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Table 5-6. Qualitative solubilities of pure explosives.® 


References: 

11,30 

11.12 


13 




13. U. 

30 

13 

15 

13 

13 30 

16 

30 


13 

30 

17,30 13,30 18 

18-20 

13,30 


30 












Explosive 












Solvent 

AN 

AP 

BTF 

DATE 

DIPAM BHPA 

EDNP 

EXPL-D 

FEFO 

HMX 

HNAB 

HNS NC 

NG 

HH HQ PETN 

Picric 

acid 

RDX 

TACOT 

TATB 

Tetryl TNM TNT 

Acetone 

i 

sl 

8 

sl 

sl 

8 

8 

- 

8 

sl 

8 

i 8 

8 

- 

i 

8 

8 

6 

- 

i 

8 

- 

s 

Benzene 

- 

- 

8 

i 

- 

- 

- 

8. 

- 

- 

sl 

- - 

S 

- 

i 

sl 

6 

1 

- 

i 

8 

s 

s 

Butyrolactone 

- 

- 

- 

sl 

- 

- 

- 

- 

- 

b 

8 

sl “ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Carbon disulfide 

- 

- 

- 

i 

- 

- 

- 

- 

- 

i 

- 

- - 

sl 

- 

1 

i 

sl 

i 

- 

i 

i 

- 

sl 

Carbon 

tetrachloride 

- 

- 

i 

i 

- 


8 

1 

i 

i 

i 

- i 

sl 

- 

i 

i 


i 

- 

i 

£ 

- 

sl 

Chloroform 

- 

- 

- 

- 

sl 

- 

8 

- 

8 

i 

sl 

- i 

8 

- 

£ 

i 

8 

1 

i 

i 

sl 

- 

8 

DMFA 

8 

B 

8 

sl 

8 

- 

8 

8 

8 

b 

s 

sl • 

- 

8 

8 

8 

- 

8 

sl 

£ 

8 

- 

s 

DKSO 

- 

- 

8 

8l 

6 

- 

8 

- 

8 

b 

8 

sl - 

- 

8 

- 

•f, 

- 

8 

8 

£ 

- 

- 

- 

Ethanol 

sl 

sl 

8 

i 

- 

- 

8 

8 

8 

- 

sl 

- sl 

8 


sl 

i 

5 

8l 

i 

£ 

5 I 

8 

sl 

Ethyl acetate 

i 

1 

8 

- 

- 

- 

8 

sl 

8 

- 

s 

- 8 

8 

- 

i 

8 

8 

i 

- 

£ 

8 

- 

8 

Ethyl ether 

L 

1 

5 

- 

- 

- 

8 

sl 

8 

i 

i 

- i 

8 

8 

L 

sl 

sl 

i 

- 

£ 

sl 

S 

sl 

N-methyl- 

pyrrolidone 

- 

- 

_ 

sl 

- 

- 

- 

- 

- 

b 

8 

sl - 

— 

— 

- 

- 

• - 

s 

- 

£ 

— 

— 

- 

Kitric acid 

B 

- 

- 

- 

8 

- 

- 

- 

- 

- 

- 

- - 

8 

- 

sl 

- 

- 

- 

sl 

- 

S 

- 

6 

Pyridine 

el 

- 

C 

- 

- 

- 

8 

- 

6 

sl 

8 

- - 

8 

- 

- 

8 

- 

sl 

el 

i 

- 

- 

S 

Sulfuric acid 

- 

- 

- 


- 

- 

- 

- 

- 

- 

sl 

- - 

8 

- 

8 

- 

sl 

- 

- 

8 

- 

- 

S 

Water 

8 

8 

i 

i 

- 

- 

1 

8 

1 

i 

sl 

- i 

sl 

8 

i 

1 

sl 

i 

i 

i 

i 

sl 

£ 


s Solubilities are expressed as follows, in terms of weight of substance dissolved at room temperature per 100 ml of solvent: 
i ” insoluble (<0.1 g), si “ slightly soluble (0.1 to 5 g), s • soluble (>5 g). 
b Solvate. 
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Table 5-7. Qualitative solubilities of additives and binders.® 


References: 

21 


22 

23 

24 

25 

26 

27 








Additive 

or binder 









Estane 

FPC 


Poly- 

Sylgard 


Solvent 

BDNPA-F 

Cab-O-Sil 

CEF 

DOP 

5702-Fl 

461 

Kel-F 

styrene 

182 

Viton A 

Acetone 

- 

i 

- 

- 

s 

- 

s 

- 

- 

s 

Benzene 

s 

i 

8 

- 

- 

- 

- 

s 

- 

— 

Dichloroethane 

- 

i 

- 

- 

6 

- 

- 

- 

- 

- 

DMFA 

- 

i 

- 

- 

s 

- 

- 


- 

— 

DMSO 

- 

i 

- 

- 

S 

- 

- 

- 

- 

- 

Gasoline 

- 

i 

- 

s 

- 

s 

- 

- 

- 


Glycerine 

- 

i 

- 

i 

- 

- 

- 

- 

- 

— 

KEK 

- 

i 

S 

- 

s 

s 

s 

- 

- 

s 

MIBK 

- 

1 

s 

- 

s 

- 

s 

- 

- 

s 

THF 

- 

i 

- 

- 

s 

- 

s 

- 

- 

B 

Toluene 

s 

i 

s 


- 

s 

i 

s 

- 

— 

Water 

i 

i 

i 

i 

- 

- 

- 

- 

- 

— 

Xylene 

- 

i 

s 

- 

- 

s 

— 

— 




3 Solubilities are expressed as follows, in terms of weight of substance dissolved at 
room temperature per 100 ml of solvent: i = insoluble (<0.1 g), si = slightly soluble 
(0.1 to 5 g), s = soluble (>5 g). 
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6. THE.RMAL PROPERTIES 


This section contains tables and information on thermal conductivity (x), 
coefficient of thermal expansion (GTE), specific heat (Cp), glass transition 
point (T ), and thermal stability. Thermal conductivity X increases with 

O 

increasing HMX content whereas the GTE decreases. 

6.1. THERMAL CONDUCTIVITY 

Measurements of thermal conductivity (X), made on an apparatus similar 
to that used at the National Bureau of Standards, are included in 
Table Thermal conductivities as a function of temperature are given in 

Fig. 6-1 for PBXs; the straight lines represent the best fits of the data. 

The thermal conductivity data shown in Fig. 6-2 as a function of HMX content 
indicate the range of properties available with HMX/Viton explosives. 


Table 6-1. Thermal conductivities (X) of explosives and binders. 


Material 


Baratol 
Comp B 
Comp B-3 


Density 


Thermal conductivity) 


1.730 


Comp C-4 

Cyclotol 75/25 1.760 

DATB 1.834 


lo”^ cal/ 
cm-8ec-*C 

(W/m-K)® 

Temi 

•c 

>erature 

(K) 1 

2.9- 

(0.121- 



3.9 

0.163) 



12.0 

(0.502) 

50 

(323) 

11.6 

(0.485) 

100 

(373) 

11.0 

(0.460) 

150 

(423) 

10.3 

(0.431) 

200 

(473) 

9.6 

(0.402) 

240 

(523) 

11.84 

(0.495) 

18-75 

(291-348) 

5.4 

(0.226) 

25 

(298) 

6.27 

(0.262) 

18-75 

(291-348) 

5.23 

(0.219) 

46 

(319) 

6.22 

(0.260) 



5.41 

(0.227) 

46 

(319) 

6.00 

(0.251) 
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K3 lO K> 


Table 6-1. Thermal conductivities (x) of explosives and binders. (Continued) 


Thermal conductivity, X 



Density, p 
(g/cm^ (Mg/m^)] 

Btu/ 

10“^ cal/ 

(W/iirK)“ 

Temperature 


Material 

hr-ft-"F 

cm-8ec-*C 

»c 

(K) 

Ref. 

Sstane 5702 




(0.146) 




Estane 5703 

1.18 


3.53 

(0.148) 

41.4 

(314.4) 

5 

H-6 



11.01 

(0.460) 

35 

(308) 

1 

HBX-1 



9.7 

(0.406) 

35 

(308) 

1 

aBX-3 



17.0 

(0.711) 

35 

(308) 

1 

HMX 



12.2- 

(0.511- 

RT 


6 




13.3 

0.556) 





1.91 


9.83 

(0.418) 



7 




10.13 

(0.424) 




HNS-I 

1.646 


2.04 

(0.085) 

20 

(293) 

8 

HNS-II 

1.646 


1.91 

(0.080) 

20 

(293) 

8 

Kel-F 800 

1.900 


1.26 

(0.053) 

41.4 

(314.4) 

5 

Lead azide 

4.1 


4.2 

(0.176) 



9 


3.6 


6.61 

(0.277 

72-130 

(345-403) 62 

(powder) 

0.88 


1.55 

(0.065) 



9 

LX-04 

1.87 


10.7 

(0.448) 

20 

(293) 

6 

LX-07 

1.87 


12.0 

(0.502) 

20 

(293) 

6 

LX-09 

1.84 


12.3 

(0.515) 

20 

(293) 

6 

LX-10 

1.86 


12.3 

(0.515) 

20 

(293) 

6 

LX-11 (est.) 


0.21 


(0.363) 

21.1 

(294) 

- 

LX-14-0 

1.83 


10.42 

(0.439) 

20 

(293) 

10 

LX-17-0 

1.88 


19.1 

(0.799) 

20 

(293) 

6 


1.89 


12.1 

(0.504) 

40 

(313) 

15 

Minol-2 

1.74 


16.5 

(0.6904) 



11 

NC (12.72 N) 



5.5 

(0.230) 



- 


1.5 


2.15 

(0.09) 



9 

NQC 

1.651 


10.14 

(0.424) 

41.3 

(314.3) 

4 

NQ<1 

1.689 


9.85 

(0.412) 

41.3 

(314.3) 

4 

PBX-9010 

1.875 


5.14 

(0.215) 

48.8 

(321.8) 

4 

PBX-9011 


0.25 


(0.432) 

21.1 

(294) 

- 


1.772 


9.08 

(0.380) 

43.4 

(316) 

4 
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Table 6-1. Thermal conductivities (X) of explosives and binders. (Continued) 

Thermal conductivity, X 


Material 


> , Btu/ 10-*Cl/ 

[g/cm (Mg/m )] hr-fC-“F cm-8ec-®C 


(W/m-K)‘ 


Temperature 
*C (K) 


Ref. 


PBX-9404 


0.25 


(0.432) 

21.1 

(294) 



1.845 


9.2 

(0.385) 

46.2 

(319) 

4 

PBX-9501 

1.847 


10.84 

.(0.454) 

55 

(328) 

4 

PBX-9502 

1.893 


13.2 

(0.552) 

38 

(311) 

4 

Picric acid 

1.60 


2.4 

(0.100) 



9 

Polystyrene 



2.51 

(0.105) 

0 

(273) 

12 




2.78 

(0.116) 

50 

(323) 

12 




3.06 

(0.128) 

100 

(373) 

12 

RDX 

1.806 


2.53 

(0.106) 



7 


1.66 


1.75 

(0.073) 

20 

(293) 

13 


1.81 


2.53 

(0.106) 



2 

Sylgard 182 



3.5 cured 

(0.146) 



14 

TATB 

1.938 


13 

(0.544) 



7 


1.891 


12.8 

(0.536) 

38 

(311) 

4 


1.841 


11.2 

(0.469) 



15 


1.858 


11.0 

(0.460) 



15 


1.827 


10.7 

(0.448) 



15 


1.826 


10.4 

(0.435) 



15 

Tetryl 

1.53 


2.48 

(0.104) 



64 


1.53 


6.83 

(0.286) 



63 

(pressed) 

1.7 


2.3 

(0.096) 



9 

(powder) 

0.767 


2.0 

(0.084) 



9 

TNT 

1.654 


6.22 

(0.260) 

18-45 

(291-318) 

7 


1.63 


7.1 

(0.297) 

90-100 

(363-373) 

3 

(pressed) 

1.56 


4.8 

(0.201) 



9 

(powder) 

0.846 


3.5 

(0.146) 



9 

1.65 



(0.13-0.26) 


16 

Viton A 

1.815 


5.4 

(0.226) 



17 

XTX-8003 

1.54 


3.42 

(0.143) 



10 

XTX-8004 

1.540 


3.42 

(0.143) 

40 

(313) 

4 


One cal/cin-8ec-“C ■ 4.184 x 102 W/m-K; 1 Btu/hr-ft-"F ■ 
1.73 W/m-K. Where measurements were made in both British 
British data were converted. 

^ 43 to 61-pm particle size, 
c Low bulk density. 

High bulk density. 


0.004 cal/cm-8ec-®C “ 
and metric units, only the 
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Thermal conductivity (X) — Btu/hr 











6.2. THERMAL EXPANSION 


Thermal expansion data were obtained using bulk mercury dila..jmeters or a 

18 

linear expansion apparatus; the two methods produce comparable results. 

Figure 6~3 shows GTE as a function of HMX content for HMX/Viton systems. 

Table 6-2 lists the measured linear (a) and cubic (6) expansion 
coefficients of explosives and binders along with their glass transition 
temperatures and pressed densities. The cubic expansion coefficients (3) 
can be calculated for isotropic materials as 3 ~ 3a. 



0 50 100 

HMX—• wt % 


Fig. 6-3. Coefficients of thermal expansion (GTE) vs wt% HMX for HMX/Viton 
systems. The conversion factors are 1 in./in.-°F = 1.8 cm/cin-“C = 1.8 m/m-K. 
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CTE—10 cm / cm - ®C (or 10 m/m-K) 
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B 


Table 6-2. Coefficients of thermal expansion (CTE), 
(p) for explosives and binders. 


glass transition temperatures (T ), 


and pressed densities 



Linear CIE (o)“ 


Kef. 

Oubic CTE (B)* 

T 

_s_ 

Pressed 

density 

_ Ig/cn" 

Ref. 

Material iiin./in.-*F 

[liCB/cv* C 
Cvr/k-i:)] 

T 


ImcWcb-'C 

T 

*F or *0 

- 


•0 (K) 

•F or *0 

(K) (Mg/n^)l 

A.H 





982 

20 (293) 




AP 

v40 

20*C 

(293) 

20 






Baratol 

33+0.26T 

-40 to 60*C 

(233-333) 

18 






BoraciCoI 

46.7 

0 to 60*C 

(273-333) 

18 






CEF 





840 




22 

CoBp A-3 

71.7 

-20 to 20*C 

(253-293) 

1 






Coup B 

54.6 

6 to 2S*C 

(279-298) 

18 







97.5 

27 to 63*C 

(300-336) 

18 






OATS 

32-46 

-20*0 

(253) 

18 







52-66 

85*C 

(358) 

18 






DOP 

74 

10 to 40*C 

(283-313) 

21 






Eatane 5702-Fl 




19 

600 


-31*0 

(242) 

18,21 

Estane 5703 

245 

20-44*0 


23 

•v600 




23 

H-6 83 

(149) 

35*0 

(308) 

1 






H»X-1 95 

(171) 

35*C 

(308) 

1 






HBX-3 83 

(149) 

35*0 

(308) 

1 






HHC 

50.4 

-53.9 to 

(219-347) 

22 

162.5 

-30 to 70 

None 


18,22 



73.9*0 




(243-343) 




22.0 


-65 to 165*F 

(219-347) 

18 






HNAB 

80 



24 






HMS 

92 



24 






Kel-F 800 


60-105 


25 



30.7,-31.3 

(303.2-304.3) 

25 



300-1600 









304 

25 to 54*0 

(298-327) 

23 

^700 




23 

K«l-F 3700 





%700 


-51*0 

(222) 

23 


# # # 
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Table 6-2. Coefficients of thermal expansion (CTE), glass transition temperatures (Tg), and pressed 
densities (p) for explosives and binders. (Continued) 


O' 

I 




Linear CTE (a)* 


Ref. 

Haceriel iiin. 

./in.-*F 

lwcn/c»-*C 
(w®/sr-K) J 

T 

•F or ‘C 

(r) 

Lead eside 






a axis 


76.9 1 




b axis 


3.4 [ 

13*C 

(286) 

26 

c axis 


18.3 J 




LX-02 


128.7 

-20 to 50*C 

(244-253) 

18 

LX-04 

28.5 

(51.3) 

-65 to -18''F 

(219-245) 

18 


39.5 

(71.1) 

-18 to 165*F 

(245-347) 

18 

LX-07 

26.7 

(48) 

-65 to -18*F 

(219-245) 

18 


34.8 

(63) 

-18 to 165*F 

(245-347) 

18 

LX-08 

104.5 

(188) 



18 

LX-09 

27.1 

(46.8) 

-65 to -20*F 

(219-244) 

18 


31.0 

(55.8) 

-20 to 165*F 

(244-347) 

18 

LX-10 

24.8 

(44.6) 

-65 to O’F 

(219-255) 

18 


26.2 

(47.0) 

0 to 165*F 

(255-347) 

18 

LX-11 

31 est. 

(56) 

-65 to -10*F 

(219-249) 

18 


46 est. 

(83) 

10 to 165T 

(261-347) 

18 

LX-13 (See XTX-8003) 





LX-14 

27 

(48.5) 

<3Q*F 

(<239) 

19 


31 

(55,8) 

>30*F 

(>239) 

19 


25.4 

(45.7) 

-65 to -30*r 

(219-239) 

10 


31.6 

(56.9) 

-30 to 165*F 

(239-347) 

10 

LX-17-0 


40,4 

-54 to 15*C 

(219-288) 

54 



60.2 

15 to 74*C 

(288-347) 

54 



46 

-73*C 

(200) 

27 



57 

20-C 

(293) 

65 

KC (12.71 ») 


80-120 


(219-239) 

18 

PBX-9010 


66 



18 

PBX-9011 

28.7 

(51.7) 

-65 to -40*F 

(219-233) 

18 


37.3 

(67.1) 

-30 to 165*E 

(243-347) 

18 


Pressed 


Cubic 

CTE (B)* 

T 


density 

[g/cm^ 



*1» 

S 



X 





(u«/.rK)l 

*c~Tk5 

*r or 'c 

(K) 

(Hg/m )] 

Ref. 


385 

-30 to 70 
(243-343) 

None 

above -4*F 

(253) 


18,22 

228.2 

-30 to 70 
(243-343) 

-18‘F 

(245) 

1.860-1.870 

18,22 

182.9 

-30 to 70 
(243-343) 

-18‘F 

(245) 

1.860-1.870 

18,22 

565 





22 



-20*F 

(244) 

1.835-1.845 

18 



-18*F 

(245) 


18 



-18*F 

(245) 


18 


-35*F 


(236) 


18 
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Table 6-2. Coefficients of thermal expansion (CTE), glass transition temperatures (Tg), and pressed 
densities (p) for explosives and binders. (Continued) 

Pressed 


K«Cerial 


Lineer CTE (a)* 


Kef. 

Cubic CTE (*)“ T_ 


density 

[g/ca^ 

(Mg/»^)1 

Ref. 

Vsin./in.-'F 

Uc*/c»“*C 

(um/»-k)1 

’F'or'«C- 

- (kT 

l)ica/c*- C 
(u«/«-K)l 

T -“- 

•c (K) ‘F or ‘C 

(K) 

PBX-9205 


54 

-73*C 

(200) 

27 






PBX-9404 

28.1 

(50,6) 

-65 to -30*F 

(219-239) 

18 


-29*F 

(239) 

1.828-1.842 

18 


32.2 

(58.0) 

-10 to 165*? 

(250-347) 

18 






PBX-9501 

30.S 

(55.1) 

-80 to 160*F 

(211-344) 

18 






PBX-9502 


44 

-73*C 

(200) 

27 






PETS 

46.1 

(83.0) 



22 

249.2 

-30 to 70 Hone 



18,22 








(243-343) 






76.5 

20*C 

(293) 

28 

232 

(293) 



22 



89.9 

90*C 

(363) 

29 

297 

(363) 



22 

Polystyrene 


60-80 

<100*C 

(<373) 

12 

170-210 

ioo*c 

(373) 


12 








(<373) 










510-600 

>100 



12 








(>373) 




RDX 


63.6 

20*C 

(293) 

28 

191 

20 (293) 



28 

Sylgard 182 

180.0 

(324) 

-65 to 165*F 

(219-347) 

18 






TATB 


54 

-73*C 

(200) 

27 






(cryst*, triclinic) 

101 

-59 to 104'C 

(214-377) 

29 






(cryst., sjonoclinic) 

95 

-57 to 107*C 

(216-380) 

29 






(powder) 


50 

-50 to 70*C 

(223-343) 

29 




1.866 


TNT 


50.0+0.078T 


Belou 

B.p. 

18 




e axis 


1,39 


(280) 

30 

1.180 

(293) 



30 

b Jtxis 


1.32 


(280) 

30 






c exis 


•k96 


(280) 

30 






Viton A 

65.0 

(117) 

<-6*F 

(<252) 

18 

iA50 

<-20 -27*C 

(246) 

1.819 

18,22 








(253) 





145.2 

(254.8) 

-6 to 165*F 

(252-347) 

18 

728 

-20 to 70 



18,22 








(253-343) 




XTX-8003 

68.8 

(123.8) 

-22 to 158*F 

(243-343) 

18 

413.7 

-53.9 to 73.9 


1.544 

22 








(219-236) 





77 

(139) 

75 to 150*F 

(297-339) 

IS 







XTX-80C4 231 


®0ne uin./in.-°F = 1.8 won/OT-^C = 1.8 um/m-K. 






6.3. SPECIFIC HEAT 


Specific heat (C ) for the plastic components of PBXs were estimated at 
P 

LLNL using the Kopp-Joule rule. Specific heat fur the PBX was then calculated 
by applying the appropriate weight fractions to the specific heats of the 
components. The estimated values of listed in Table 6-3 are believed 
accurate to +5%. Values for at temperatures other than 20°C (293 K) for 
HMX-containing PBXs can be estimated by the formula 


C (T) => C (T„) 


C (T) HMX 


C (T^) HMX 

p 0 


where C (T) is the specific heat at a temperature other than 20®C (293 K) 

and ^^(Tq) is the specific heat at 20®C (293 X). Values for at 

temperatures other than 20°C (293 K) for RDX-containing PBXs can be similarly 

estimated by substituting RDX values into the formula. 

Specific heats were also determined by differential scanning calorimetry,. 

The specific heats of HMX, TATB and RDX as a function of temperature are shown 

33 34 46 

in Fig. 6”4 and for HMX/binder formulations in Fig. 6-5. ’ ' 
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riyffl 


O HMX 
ARDX 
V TATS 



Temperature — K 


Temperature — °C 


Fig. 6-A. Specific heats (Cp) of HMX, RDX, and TATB determined by 

c!iff..retitial scanning calorinatry and ahown as a function of temperature. 33,34 




Cp - cal/g' 








(Cp) - kJ/kg-K 



ca!/g* 
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T&ble 6-3. Specific heats (C ) 

P 


Explosive 


C (est.) at 20*0 (293 
_£___ 

cal/g-“C® (kJ/kg-K)** 


Cp, experiiaental 


cal/g-*C 


(kJ/kg-K>^ 


Ref. 


AN 0.4 at O'C (1.67 at 273 K) -- — 1 

AP 0.31 at 15-240"C (1.29 at 288-513 K) ~ — 


0.37 at >240“C (1.53 at >513 K) 

Baratol — — 

BTF 0.3 est. (1.25) 

Comp B — — 

Comp B-3 ” — 


Cyclotol 75/25 — 

DATB 


0.157 at 30*C (0.657 at 303 K) 33 

0.201 at 50"C (0.841 at 323 K) 33 

0.403 at 70*C (1.686 at 343 K) 33 

0.192 at 83-100“C (0.803 at 356-373 K) 33 

34 

0.27 at 25*C (1.130 at 298 K) 3 

0.299 at 30'C (1.251 at 303 K) 35 

0.307 at 50*C (1.284 at 323 K) 35 

0.325 at 70"C (1.359 at 343 K) 35 

0.333 at 83-100*C (1.393 at 356-373 K) 35 

0.234+(10.3x10-4)T 4 

at 7-67*C 

0.137+(20.9x10-4)t — 4 

at 97-157*C 

0.254 at 25*C (1.063 at 298 K) 1 

0.23 (0.962) 34 

0.2G+(1.11x10-3t) — 35 

-(1.81x10-6)t2 
at 47-200*C 
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Table 6-3 


Specific heats (C ) 
P 


(Continued) 





Explosive 


C (est.) at 20“G (293 
_E-- 

cal/g-“C® (kJ/kg-K) 


cal/g-*C® 



experimental 

(kJ/kg-r)’’ 


Ref, 


DIPAM ■ 




— 



0.25 

(1.05) 

34 





— 



0.235+(6.2xl0-^)T 

— 

35 








-(4.75x10-7)t2 










at kl-llTZ 



DOP 

— 



— 



^.0.57 at 50-150*C 

(-V2.385 at 323-423 K) 

21 

Estane 5702 








(1.48 below Tg) 

23 


— 



— 



— 

(1.71 above Tg) 

23 

Estane 5703 

__ 






0.354 below Tg 

(1.56 below Tg) 37-60®C 

23 


— 



— 



0.409 above Tg 

(1.68 above Tg) ?5-200‘’C 

23 

Explosive D 







0.287+(6.8x10-4)t 

— 

4 








at Zl-IQVQ. 



FEFO 

0.25 

at 

-73“C 

(1.05 

at 

200 K) 

— 

— 

36 


0.36 

at 

25“C 

(1.51 

at 

298 K) 

— 

— 

36 


0.47 

at 

127'’C 

(1.97 

at 

400 K) 

— 


36 

H-6 

— 



— 



0.269 at 30“C 

(1.126 at 303 K) 

1 

HBX-1 

0.24 

at 

5*C 

(1.004 at 278 K) 

0.249 at 30"C 

(1.042 at 303 K) 

37 

HBX-3 

«... 



— 



0.254 at 30'C 

(1.063 at 303 K) 

1 
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Table 6-3. Specific heat^ (C ). (Continued) 

P 



C (est.) at 
P 

20*C (293 

Cp, experimental 


Explosive 

cal/g-*C* 

(PJ/kg-K)^ 

cal/g-“C* 

(kJ/kg-K)^ 

Ref 

HMX 

— 

— 

0.231+(5.5x 10-^)T 
at 37-167“C 

— 

4 




0.230+(6.36x 10-4)T 
up to 160®C 


38 


■■ 


0.228+(8.624xlG-^)T 

-1.864x10-6x2 


7 

HNAB 

0.3 

(1.25) 

— 

— 

35 

HNS-I 

— 

— 

0.235 at 20*C 

(0.983 at 293 K) 

8 

HNS-II 

— 

— 

0.225 at 20‘'C 

(0.941 at 293 K) 

8 

HNS 


>— 

0.23 

(0.962) 





0.201+(1.27x10-3)1 
-(2.39 x10-6)t 2 
at 47-220®C 


35 


0.40 

(1.67) 

—- 

— 

39 

Kel-F 800 

— 


0.239 below Tg 
(37-90°C) 

(1.004 below Tg) 
310-363K 

23 

Lead azide 

— 

—— 

0.09 

0.107 at lOO'C 

(0.377) 

(0.448 at 373 K) 

9 

62 

LX-02 

0.29 

(1.21) 

— 

— 


LX-08 

0.28 

(1.17) 

— 

— 


LX-li 

0.31 

(1.26) 

— 

— 


LX-13 

0.27 

(1.13) 

— 
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C (est.) at 
P 

Table 6-3. Specific heats (C ). (Continued) 

P 

20“C (293 Cp, experimental 


Explosive 

cal/g-^C® 

(kJ/kg-K)** 

cal/g-®C® 

(kJ/kg-K)*' 

Ref 

LX-17-0 

0.27 

(1.13) 

— 

__ 

31 

Mino1-2 

— 

— 

0.30 at -S^C 

(1.25 at 268 K) 

32 

NC 

(12.25; N) 

- 

- 

0.18 

0.268 at 25*0 

(0.753) 

(1.12 at 298 K) 

9 

40 

(13.4% N) 

— 

— 

0.247 at 25®C 

(1.033 at 298 K) 

40 

(14.14% N) 

— 

— 

0.370 

(1.550) 


NG 

— 

— 

0.356 at 35-200'*C 

(1.490 at 308-473 K) 

1 

NMc 

—— 

" 

Csat=104.4+(6.381xl0“2)t+(3.175xl0-^)t2 

-8.131x10-7)t3+(4.093x10-9)t4 J/mol-"C. 
t in “C 

41 

NQ 



6+0.08T at 200-460*C 


42 


— 

0.297 at 25*C 

(1.243 at 298 K) 

42 

NQ<i 

— 

— 

0.269+(7.0x10-4)t 
at 37-167*C 


4 

NQe 



0.242+(ll.lxl0-^)T 
at 37-167*C 


4 

Octol 

0.27 

(1.13) 

— 

— 


PBX-9007 

0.28 

(1.17) 

— 

__ 


PBX-9010 

0.27 

(1.13) 

0.247+(6.4xl0-4)T 
at 37-167*0 

— 

4 

PBX-9011 

0.27 

(1.13) 

0.259+(6.3x10-4 )T 

— 

4 


at 37-167“C 
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Table 6-3. Specific heats (C ) 

P 


(Continued) 





C (est.) at 
P 

20®C (293 

^P’ 

experimenta1 


Explosive 

cal/g-^C* 

(kJ/kg-K)^ 

cal/g-“C® 

(kJ/kg-K)^ 

Ref. 

PBX-9205 

0.28 

(1.17) 




PBX-9404 

0.27 

(1.13) 

0.224+(7.0xl0-^)T 
at 7-147'’C 

— 

4 

PBX-9407 

0.27 

(1.13) 

0.241+(7.7xl0-^)T 
at 37-167‘’C 

— 

4 

PBX-9501 

0.27 

(1,13) 

0.238+(7.9x 10-4)T 
at 50-175“C 

— 

4 

PBX-9502 

— 

— 

0.249+(5.9x10-4)t 
at 37-177“C 

— 

4 

Pentolite 50/50 

0.26 

(1.09) 

— 

— 


PETN 

,, -- 


0.26 at 20'C 

(1.088 at 293 K) 

39 

— 

—— 

0.257+(5.21x10-4)1 
up to 140'C 

39 


—— 


0.239+(8.0xl0-^)T 
at 32-127'C 


4 

Picric Acid 



0.234 at O'C 

(0.979 at 273 K) 

43 

... 


0.337 at lOO'C 

(1.41 at 373 K) 

43 


.. 

.... 

0.26 

(1.09) 

9 


— 

— 

0.235+(7.3xl0-4)T 
at 37-117'C 


4 
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Table 6-3. Spec 


C (est.) at 20"C (293 

___ 

Explosive cal/g-®C^ (kJ/kg-K) 

Polystyrene — — 

RDX 

(cryst.) — — 

Sylgard 182 — — 

TATB 

0.265 (1.109) 

Tetryl 


(liquid) 


fic heats (C ). (Continued) 
P 



0.269 at 25“C 
0.236+(6.9 x 10-4)T 
0.232+(7.2x10-4)1 
at 37-167®C 
0.237 at 25*C 
0.0928 at -195'’C 
8.33x10-3 at -258“C 
7.65x10-4 at -266“C 

0.34 at 25*0 


0.243+(6.3x10-4)t 
at 37-137*0 
0.215+0.0013T 
-(2x10-6)t 2 at 0-300*C 
0.249+(5.9x10-4)T 
at 37-177*C 
0.252 at 25*0 

0.252 at 25*C 
0.225 

0.213+(2.18x10-4)1 

-(3.73x10-7)12 

0.345 at 130-168*0 


(1.126 at 298 K) 

42 

— 

38 

— 

35 

(0.992 at 298 K) 

44 

(0.388 at 78 K) 

44 

(0.0349 at 15 K) 

44 

(0.0032 at 7 K) 

44 

(1.423 at 298 K) 

14 

(1.00 at 293 K) 

38 


4 


— 



34 

— 



35 

(1.054 at 

298 

K) 

7 

(1.054 at 

298 

K) 

42 

(0.941) 



9 


7 


(1.443 at 403-436 K) 42 
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Table 6-3. Specific heats (C ). (Continued) 

P 


Explosive 


C (est.) at 20*C (293 K)' 


cal/g-®C 


(kJ/kg-K) 


C , experimental 


cal/g-®C 


(kJ/kg-K) 


Viton A 


XTX-8003 


(1.13) 


0.252+(8.44xl0-^)T 
below 80®C 
•00.232 at RT 
0.254+(7.5xlO-^)T 
below 80.5®C 
0.329+(5.5 x 10-4)T 
above 80.5“C 
0.36 


0.252+(8.5x 10-4)T 
at 37-127®C 


(1.37) 


(-00.97 at RT) 


(1.51) 

(1.464) 


XTX-80C4 


0.247+(6.2xl0-^)T 
at 25-187®C 


n Values are identical for Btu/lb-®? and cal/g-*C. 
b Conversion factor: 1 cal/g-®C * 4.184 kJ/kg-K. 

^sat is heat capacity at saturated liquid nitrometh'ne under its own vapor pressure, 
d High bulk density, 
e Low bulk density. 


6.4. THERMAL STABILITY 


'fhertnal changes in materials can be measured in several ways, 

qualitatively and quantitatively. For HEs, v generally use differential 

thermal analysis (DTA), thermogravimetric .lalysis (TGA), and tests 

(pyrolysis, CRT, or vacuum stability) that measure the amount of gas evolved 

when the HE is heated for a stated period of time at an elevated temperature. 

Heating rates are generally 10®C/min. Critical temperatures (T ) are also 

c 

given, although they are dependent on the initial sample temperature, 
experimental configuration, heat input, pressure, and other variables. 


6.4.1. Differential thermal analysis (DTA) 


In the usual DTA analysis, identical containers are set up (one 
containing the sample and the other containing a standard reference substance) 
in identical thermal geometries with temperature sensors arranged to give both 
the temperature of each container and the difference in temperatures between 
containers. The data are displayed as DTA thermograms; the temperature 
difference is plotted against the temperature of the cample. The standard 
reference material chosen is one whose thermal behavior doea not change 
rapidly. Such a plot is nearly a straight line if the sample also has no 
rapidly changing thermal behavior (or if it is very similar to the standari 
material). Excursions above and below a background line result from endo~ or 
exothermic (heat-absorbing or heat-releasing) changes. The DTA analyses permit 
interpretation for phase changes, decomposition and kinetic information, 


melting points, and thermal stability (Fig. 6-6). Sample sizes are less than 

40 mg.^6‘^7 


6.4.2. 



The sample is placed in a pyrolysis chamber that is then flushed with 
helium. When the air has been swept out, the temperature of the chamber is 
raised at a constant rate. Gas evolution is measured as a function of 
temperature by a bridge formed by two thermal conductivity cells. Data are 
included in Fig. 6-6; the right-hand ordinate shows the thermal conductivity 
response in millivolts (mV). Sample sizes are about 10 mg. 


+8 


Amatol 80/20 



Figo 6-6a. UTA cn: 


of Amatol 80/20.^6 





Temperature -- “C 

Fig. 6“6b. DTA curve (solid line) and pyrolysis (thermal conductivity) curve 
(dashed line) for ammonium nitrate.^7 
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6-*21 







Temperature — ®C 


Fig. 6"6d. DTA curve (solid line) and pyrolysis (thermal conductivity) 
(dashed line) for Baratol.^7 


curve 
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Fig. 6-6e. DTA curve (solid line) and pyrolysis (thermal conductivity) 
(dashed line) for black powder. 


curve 
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mV 























10 



Fig. 6-6i. DTA curve (solid line) and pyrolysis (therm^il conductivity) curve 
(dashed line) for Comp A.A7 
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TemperatUf^e — °C 

Fig. 6-61. DTA curve (solid line) and pyrolysis (thermal conductivity) curve 
(dashed line) for Comp C-3.^7 
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mV 

















DIPAM 







Fig. 6-6p. DTA curve (solid line) and pyrolysis (thermal conductivity) curve 
(dashed line) for pDNPA.^^ 
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Estane 5702-F1 



_I__L 

( -50 0 


Temperature 






Fig. 6-6r. DTA curve (solid line) and pyrolysis (thermal conductivity) curve 
(dash'd line) for Estane 5740-X2.^^ 







Temperature — “C 


Fig. 6-6s. DTA curve (solid line) and pyrolysis (thermal conductivity) curve 
(dashed line) for Explosive 


6-38 
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0 ICO 200 300 400 500 


Temperature — “C 


Fig. 6-6u. DTA curve (solid line) and pyrolysis (thermal conductivity) curve 
(dashed line) for FPC 461.^^ 


6 - 












> 

E 


curve 
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Fig. 6-6aa. DTA curve (solid line) and pyrolysis (thermal conductivity) 
(dashed line) for Kel-F 3700 (uncured). 










50 

(mperatun 

curve 

6-47 


200 250 

B-°C 

for lead azide. 


56 





Fig. 6-6cc. DTA curve (solid line) and pyrolysis (thermal conductivity) curve 
(dashed line) for lead styphnate.^^ 
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150 200 250 

Temperature - °C 

DTA curve for LX-14.^^ 


6-53 

















































50 100 150 200 250 300 350 


Temperature — “C 

Fig. 6-6pp. DTA curve (solid line) and pyrolysis (thermal conductivity) curve 
(dashed line) for PBX-9010.^7 



3/81 6-61 


li iftiiiiitYtiiliiii'itiiiiTtiiMiiri'i' 'iiiiiiiili'niiniii • 'Viiiiiirii<liiiiiiiiii«iiiiriiiiii>«iaiir"'iiri'ii'h if iiUTi 








Fig. 6-6qq. DTA curve (solid line) and pyrolysis (thermal conductivity) curve 
(dashed line) for PBX-9205.‘^7 
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PETN 


10 



Fig. 6'-6vv. DTA curve (solid line) and pyrolysis (thermal conductivity) curve 
(dashed line) for PETN.^7 
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mV 





mV 






+5 


RDX (pure Wabash) 



Fig. 6-6yy. DTA curve (uolid line) and pyrolysis (thermal conductivity) 
(dashed line) for RDX (pure Wabash grade).^7 














Fig. 6-6aaa. DTA curve for Sylgard 182.^6 
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TACOT 

















h3 



Temperature - ®C 


Fig. 6“6eee. DTA curve for TNM.46 
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6.4.3. Thermogravimetiric analysis (TGA) 


The objective in a TGA is to determine whether there are any weight 
changes in a sample, either when it is held at a fixed temperature or when its 
temperature is changed in a programmed linear fashion. 

The data are generally plotted as 1) weight vs temperature or time or 2) 
weight change vs temperature or time. The TGAs are useful for only a limited 
number of physical property investigv *• ions (e.g., vaporization phenomena), but 
they are extremely useful for obtaining information about chemical properties 
(e.g., thermal stability and chemical reactions). They are also used to 
obtain kinetic data. Sample sizes are about 10 mg. The heating rate is held 

at about lO‘C/min in nitrogen atmosphere, and weight loss is shown as a 

. . 49-51 

function of temperature in Fig. 6-7. 



Fig. 6-7. TGA curves for explosives and binders. ^9-51,57 
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Fig. 6-7. TGA curves 












6.4.4. LLNL reactivity test (CRT) 


The sample is heated at 120'’C (393 K) for 22 h. A two-stage chromato¬ 
graphy uait is used to measure the individual volumes of N , NO, CO, N^O, 
and CO^ evolved per 0.25 g of explosive during this period. The test is 
operated as a simple test of explosive stability, the results are expressed in 
terms of the sums of these volumes. Results are given in Table 6-4. 

6.4.5. Vacuum stability test 

The sample is heated for 48 h at 120®C (393 K). A simple manoraetric 
system is used to measure the total volume of all gases evolved, including 
water and residual solvents. The results are expressed on the basis of 1 g of 
explosive. For reference purposes, 1 cm of evolved gas/g of explosive 
represents about 0.2% decomposition (see Table 6-4). 


Table 6-4 Thermal stabilities of various explosives. 


Explosive 


LLNL react: irity testa 


Vacuum stability test^ 


Baratol 

0.015-0.02 

0.19 

Boracitol 

— 

0.02-0.04 

BTF 

0.24-0.40 

— 

(purified) 

0.05 

— 

Comp B, Grade A 

0.051 

0.05-0.16 

Comp B-3 

0.033 

0.27 

Comp C-4 

0.026 

— 

Cyclotol 75/25 

0.014-0.04 

0.25-0.94 

DATE 

<0.03 

<0.03 

DNPA 

0.04-0.06 

— 

EDNP 

0.04-0.06 

— 

FEFO 

0.04-0.10 

— 

H-6 

0.096 

— 

HMX 

<0.01 

0.07 

HNS 

0.01 

— 

Lead azide 

— 

<0.4 

Lead styphnate 

— 

<0.4 
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Table 6-4 Thermal stabilities of various explosives. (Continued) 


Explosive 

LLNL reactivity testa 

Vacuum stability test^ 

LX-01 

1.8*^ 


LX-02-1 

0.3-0.6 


LX-04-1 

0.01-0.04 

— 

LX-07-2 

0.01-0.04 

— 

LX-09-0 

0.03-0.07 

— 

LX-IO-O 

0.02 

— 

LX-1.0-1 

0.04-0.06 

— 

LX-11 

0.01-0.04 

— 

LX-13 (See XTX-8003) 
LX-U^° 

0.02 

0.03 

LX-15^^ 

0.069 

— 

LX-16^^ 

0.38 

— 

LX-17-Q 

<0.02 

<0.02 

Minol-2 

0.105 

— 

NC (12.OZ N) 

1.0-1.2 

5.0 

NQ 

0.02-0.05 

— 

Octol 

0.028 

0.18 

PKX-9007 

0.03-0.07 

— 

PBX-9010 

0.02-0.04 

0.2-0.3 

PBX-9011 

0.024 

— 

PBX-920S 

0.025 

— 

PBX-9404 

0.36-0.40 

3.2-4.9 

PBX-9407 

0.06 

— 

PBX-9501 

— 

0.8 

Pentolite 50/50 

— 

3.0*^ 

PETN 

0.10-0.14 

— 

RDX 

0.02-0.025 

0.12-0.9 

Tetryi 

0.036 

— 

TNT 

0.00-0.012 

•vO.OOS 

XTX-8003 

<0.02*^ 

— 

XTX-8004 

■^0.06 

— 


® Volume of gas (cm^ at STP)/0.25 g evolved in 22 hr at 120'’C (393) K. 
b Volume of gas (cm^ at STP)/g evolved in 48 hr at 120“C (393) K. 

Measured at 80'*C (353 K) because of the high volatility of the material, 
d Measured at lOCC (373 K). 





6.4.6. Critical temperature and time to explosion 


For safety reasons it is desirable to be able to predict the response of 
an explosive to high temperatures, i.e., to determine a "time to explosion" 
(t) an.i a "critical temperature" (T^) experimentally or by calculation. 

is defined as the lowest temperature at which an HE of a given 
configuration self-heats to explosion. Such times and (to a lesser extent) 
temperatures vary with the size, shape, previous history, and initial 
conditions of the sample; they must therefore be determined for each sample 
and situation. 

Using the Frank-Kamenetskii equation, critical temperatures and times to 
explosion can be predicted by 

-XV^T + pC(3T/3t) * p4H Z 


and its asymptotic solution at infinite time, 

E/T » R In —, 

2 

T X6R 
c 

where 

E » activation energy in cal/mol, 

C = heat capacity in cal/g-deg, 

* critical temperature for a specific geometry in K, 
t ■ time to explosion for a specific geometry in s, 

R ■ gas constant, 1.9872 cal/K-mol, 

a ■ radius of a sphere, cylinder, or half thickness of a slab in cm, 
p =• density in g/cm'^, 

Q “ heat of reaction in cal/g, 

4H » heat of decomposition in cal/g, 

Z = pre-exponential factor in s~^, 

2 

V = LaPlace operator, 

X * thermal conductivity in cal/cm-sec-^C, 

6 = shape factor: 0.88 for an infinite slab, 2.00 for an infinite 

cylinder, and 3.32 for a sphere. 

The calculations! results are listed with their corresponding parameters and 
with experimental critical explosion temperatures in Table 6-5. Times to 
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to 

explosion for several HEs are plotted vs inverse temperature in Fig. 6-8.'^ 

The effect of sphere diameter on critical temperature is shown in Fig. 6-9. 

LANL uses a modified Henkin test in which a 40-mg sample of measured 
thickness is confined in a blasting cap and heated to explosion in a preheated 
Woods metal bath. The seal, formed by flaring an aluminum cap inside the 
blasting cap, allows the product gases to escape under pressure. 

Results from Henkin tests for times to explosion have been intentionally 
excluded from this compilation. Although the data available for small, 
well-defined samples are reliable, they cannot be applied to large samples or 
charges whose thermal history and characterization are unknown. 

Activation energies are determined at Los Alamos from DSC measurements, 
and are given in Table 6-5. 

In the LLNL "One-Dimensional Time to Explosion" (ODTX) Test, 2.2-g 
samples (12.7-mm-diam sphere) are placed between two preheated anvil faces 
(76.2-inm diam x 30.8-mm high) and sealed to confine the detonation product 
gases. The anvils are heated electrically; the temperature is controlled by 
thermocouple feedback. Times to explosion are measured as a function of tem¬ 
perature (Fig, 6-8). Critical temperatures are defined as the asymptote of 
the In t vs 1/T plot. The ODTX data have been extrapolated to quite large 
samples using finite-element thermal codes with subroutines for chemical 
decomposition (TACO). This analysis can be extended to other H>lX-containing 
plastic-bonded explosives if the thermal boundary conditions are well-defined. 
Parameters for the Arrhenius equations for ODTX experiments are excluded from 
Table 6-5 because these data are interpreted by techniques different from the 
LANL data. 

6.4.7. Thermal stability of la rger exp los ive charges 

For large amounts of explosive, the results from small-scale thermal 
stability tests are not strictly applicable. The maximum safe temperature, 
not to be exceeded, is the point at which thermal energy from slow chemical 
deconposition is given off faster than it can be dissipated. It is called the 
self-heating temperature and is dependent on the amount of explosive, its 
environment, and the time it is held at the elevated temperature (see Section 
6,4.6.). For example, 1) 25 lb (11.34 kg) of LX-04-1 may be held at 190®C 
(463 K) for no more than 10 min. 2) Calculations indicate that about 
13,000 lb (about 6 tons) of molten TNT may be unsafe. 
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Table 6~5. Critical explosion temperatures 


Parasieters 



Sample 

thickness, d - 
(mm) 

Tc ( 

•c) 

a 

_fi_ 

Q 

Z 

E 

X 




(Mg/«^) 

cal/g 

(kJ/kg) 


kce1/mol 
(kJ/mol) 

-4 

10 cal/c«t-8ec-*C 
(W/m-K) 


HE 

Exp.* 

Calc. 

CB 

-1 

s 

Ref. 

BTF 

0.66 

248-251 

275 

0.033 

1.61 

600 (2510) 

4.11 X 1012 

37.2 (155.7) 

5-0 (0.209) 

60 

Comp B 

0.80 

216 

215 

0.040 

1.58 

758 (3171) 

4.62 X :,0l6 

43.1 (180.3) 

4-7 (0.197) 

59 

DATE 

0.70 

320-323 

323 

0.035 

1.74 

300 (1255) 

1.17 X 1015 

46.3 (193.8) 

6.0 (0.251) 

60 

HMX 

0.3 

258 

253 

0.033 

1.81 

500 (2092) 

5 X 1019 

52.7 (220.5) 

7.0 (0.293) 

59,60 

HNS 

0.74 

320-321 

316 

0.037 

1.65 

500 (2092) 

1.53 X 109 

30.3 (126.8) 

5.0 (0.209) 

60 

LX-10 

0.284 

191 








61 

NQ 

0.78 

200-204 

204 

0.039 

1.63 

500 (2092) 

2.84 X 107 

20.9 (87.5) 

5.0 (0.209) 

60 

PETN 

0.8 

0.762 

197 

197 

196 

0.034 

1.74 

300 (1255) 

6.3 X 1019 

47.0 (196.7) 

6.0 (0.251) 

60 

61 

RDX 

(Holston) 

0.8 

214 

217 

0.035 

1.72 

500 (2092) 

2.02 X 1018 

47.1 (197.1) 

2.5 (0.106) 

59,60 

TATS 

0.7 

0.77 

0.284 

0.635 

353 

353 

246 

230 

334 

0.033 

1.84 

600 (2510) 

3.18 X 1019 

59.9 (250.6) 

10.0 (0.418) 

60 

59 

61 

61 

TNT 

0.80 

0.284 

0.635 

286 

235 

205 

291 

0.038 

1.57 

300 (1255) 

2.51 X lOll 

34.4 (143.9) 

5.0 (0.209) 

59,60 

61 

61 


T All experimental critical temperatures (Tc) are for tht stated sample thickness d. 
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7. MECHANICAL PROPERTIES 


This chapter includes data on time- and rate-dependent as well as complex 
modulus responses, on static and kinematic friction, on sound velocitier, and 
on Hugoniot parameters. 

High explosives are viscoelastic materials. Their mechanical properties 
are functions of time, temperature, and loading rate. These properties vary 
in any one material because of differences in raw material from one lot to 
another, differences in pressing conditions, and differences in the machining 
procedures used to fabricate the materials. Therefore, the data in this 
section are not intended to provide exact numerical values but rather to 
demonstrate general trends and to compare different materials. In order to 
make more refined calculations for predicting the behavior of systems, each 
individual lot of HE must be characterized. 

To characterize materials over the entire temperature range from -63 to 
165®F (219-347 K), certain assumptions must be made: 

1. The material is homogeneous and isotropic. 

2. Explosives can be characterized on the basis of their elastic and 
viscoelastic behavior. 

3. The "failure envelope" provides a usable criterion of failure. 

These assumptions have been explored experimentally and found to be reasonable. 

When HE assemblies are joined with adhesives, the compliance of the 
adhesive must be considered. Most adhesives used with HEs are stronger but 
more compliant than the explosive. The bond is usually stronger than the HE 
when clean surfaces and recommended assembly procedures are used. If the 
assembly will be subjected to stress analysis, the adhesive bond can be 
modeled as a viscoelastic material. Other conditions to be considered are 
aging of the materials and crystallinity of the binder. 

A series of codes for nonlinear two- and three-dimensional analyses has 

been developed to predict static and dynamic thermal and mechanical behavior 

of HEs and binders under various conditions. Behavior that can be modeled 

with these codes ranges from simple uniaxial stress-strain to complex stress 
1 2 

states. ’ 
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7.1. TIME- AND RATE-DEPENDENT MECHANICAL PROPERTIES 


In this section, experimental data are given for characterization of 
mechanical properties at constant strain rates in tension and compression; 
tensile stress-strain data, failure envelopes, initial uniaxial modulus 
(Eq), and tensile creep.^ 5,43 stress-strain data were generated at 

constant strain rates and constant crosshead velocities. 

A failure envelope is generated for a material from the stress-at-break 
values obtained in tensile tests at different temperatures and constant strain 
rate (i.e., isothermal, monotonically increasing tension loads). 

7.1.1. Tensile t ests 

Tensile stress-stra in. Figure 7-1 shows tensile stress-strain curves for 
several PBXs at different temperatures. Construction of failure envelopes is 
also indicated for two of the materials. 

Fail u re env el ope . Figure 7-2 shows failure envelopes for several PBXs 
stressed at a constant strain rate. 

Initial uniaxial modulus . Initial uniaxial moduli are derived from 
tensile and compression data; they are temperature dependent because the 
properties of the polymeric binders are temperature dependent. Time- and 
rate-dependence also shows that plastic-bonded explosives are viscoelastic 
materials. Figure 7-3 shows the initial uniaxial moduli of HEs as a function 
of temperature. 
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LX-17-0 
Failure envelope 



rves for several PBXs at different 
as 0.002 mm/s and strain rate was 







Stress at break — psi 










Tensile creep . The creep compliance J(t) is defined by: 

J(t) = e(t)/o , 

where J is creep compliance, t is time, e is strain, and o' is a step 
function in stress. Tensile creep data for PBX-9501 are shown in Fig. 7-A. 
Figure 7-5 shows tensile creep compliance for several explosives. 



Fig. 7-4. Tensile creep data for PBX-9501 (a) at 100 psi (689 kPa) and 70‘’F 
(294 K) and (b) at 50 psi (345 kPa) and IZO^F (322 K). The shaded area 
indicates the range; the points indicate rupture of the specimen. 






















High-strain-rate tensile tests . Mechanical and fracture properties at 
high strain rates can be obtained using the Hopkinson split-bar.^ 8,43 
type of fracture can be identified by examining the fracture surfaces and the 
stress-strain curves. Table 7-1 lists ultimate tensile strengths and the type 
of fractures observed when specimens were stressed at increasing strain 
rates. Figure 7-6 shows the tensile modulus as a function of strain rate; the 
tensile moduli for LX-04-1 and LX-07-1 obtained from high-frequency ultrasonic 
measurements are shown for comparison. 


Table 7-1. 


Static tensile strength 


7 


Material 

Strain rate 
(s'^) 

Ultimate 

psi 

: stress 

(MPa) 

Type of fracture 

LX-04-1 

10-4 

340 

(2.34) 

Slightly ductile 


850 

1500 

(10.34) 

Slightly ductile 


1100 

1780 

(12.27) 

Slightly ductile 


1550 

1750 

(12.07) 

Brittle 


3100 

2100 

(14.48) 

Slightly ductile 

LX-14-0 

10-5 

450 

(3.1) 

Brittle 


10-4 

540 

(3.7) 

Brittle 


10-3 

580 

(4.0) 

Brittle 

PBX-9011 

10-4 

340 

(2.34) 

Slightly ductile" 


1050 

1300 

(8.96) 

Brittle 


1100 

1450 

(10.00) 

Brittle 


1300 

1400 

(9.65) 

Brittle 

PBX~9404 

10-4 

330 

(2.28) 

Slightly ductile 


950 

1200 

(8.27) 

Brittle 


1070 

1500 

(10.34) 

Slightly ductile 


1100 

1340 

(9.24) 

Brittle 


1850 

1510 

(10.41) 

Brittle 

PETN 

10-3 

160 

(1.10) 

Brittle 


10-2 

215 

(1.48) 

Brittle 


10-1 

215 

(1.48) 

Brittle 


1000 

720 

(4.96) 

Brittle 


1120 

700 

(4.83) 

Brittle 


1300 

785 

(5.41) 

Brittle 


2600 

840 

(5.79) 

Brittle 
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Stress and tangent n»dulus 




Strain rate — in,/in.-sec (m/m-s) 

Fig. 7~6. Tensile stress and tangent moduli of several explosives as a 
function of strain rate; the dashed line represents ultimate stress. The 
curves for LX-04-1 and LX-07-1 show the ultrasonically determined modulus Ey 
and are shown for comparison. Convernion factor: 1 psi “ 6.895 kPa. 


Stress and tangent modulus—6.89 Pa 







Strain - % 

Fig. 1 - 1 . Uniaxial compression data at ambient temperature for several HEs at 
different strain rates. Numbers on the curve are strain rates in s“f. 
Conversion factor: 1 psi = 6.895 kPa. 
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7.2. COMPLEX MODULUS PROPERTIES 


7.2.1. Co mplex shear 

The complex shear modulus (G*) has been determined by measuring its 
components: the shear storage modulus (G*) and the shear loss modulus (G"). 

Plastic-bonded high explosives are treated here as homogeneous, isotropic, 
linear viscoelastic and thermo-rheologically simple materials. Measurements 
were made using a Kheometric Mechanical Spectrometer (RMS). 

The appropriate relationships are: 

G* « G< 4. i G" , 

where i = , and 

G**; G' “ tan 6 , 

where tan 6 (a damping term) also expresses the ratio of energy dissipated 
ns heat lo the maximum energy stored in the sample clnring one oscillatory 
cycle. Figures 7-9 and 7-10 show G', G*', and tan 6 for various HSs and 
binders measured with the RMS at 1 Figure 7-11 shows the observed 

shear storage and shear loss moduli of LX-04 red»iced to a temperature T of 
22*^ (*95 K) by the WLF empir ical e<|iiation over the fret|uency range From 
lO"'^ to 1 GHz. 



modulus (G‘) - P»; loss modulus (G") — Pa Storage modulus (G') — Pa; loss modulus (G") — Pa 


10 


12 


Comp B 


10 


10 U 


1 


Storage modulus (G‘) 

Loss modulus iG") —I 

Tan delta 



3.2 

2.8 

2.4 



- 2.0 

- 1.6 

- 1.2 

0.8 
H 0.4 
0 
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Fig. 7-9b. Values of G', G'', and tan 6 for LX-04 measured with, the RMS at 
1 Hz.9 
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Fig. 7-9k. Values of G', G'', and tan 6 for PBX-9404 measured with the RMS 
at 1 Hz.9 
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Fig. 7-91. Values of G', G'', and tan 6 for TNT measured with the RMS at 
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Fig* 7-9m. Values of G', G”, and tan 6 for XTX-80b3 measured with the RMS 
at 1 Hz.9 
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7.3. FRICTION 


Static and kinematic coefficients of friction have been determined for 
various HEs sliding on themselves and on surfaces of different materials. 

7.3.1. Static coefficient of friction 


A static test was designed to simulate conditions found in the 
fabrication of explosive assemblies.The sample was placed on a tilt 
table, and the angle at which it would slide was measured. The coefficient of 
static friction is defined as the tangent of the angle of inclination from the 
horizontal plane at which th body just overcomes the frictional force. The 
results are reported for dry and water-wet surfaces in Table 7-2. 

7.3.2. Kinematic coefficient of friction 


Kinematic coefficients of friction (f) have been obtained by sliding 
several HEs on themselves and on aluminum 6061-T6. Values of f wore, 
determined as functions of sliding velocity (v), pressure (load) (P), 
temperature, and surface finish (Tables 7-3 and 7-4). It was found that the 
Williams-Lande1-Ferry (WLF) shift equation^^ could be used to correlate the 
effects of sliding velocity and temperature on f; thus, a curve could be 
calculated for some reduced temperature T^ (Fig. 7-12.) 

For comparison, Viton sliding on polished steel at 900 in./min has a 
coefficient of friction at room temperature of about 0.35 under a 9-kg load 
and about 0.45 under 18 kg.^^ 
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Table 7-2. Coefficients of static friction. 








Contact Surface 

and Roughness 









Dry 







Wet 





Aluminum 

Plexigla 

s 

Mild 

Steel 

Aluminum 

Plexigla 

s 

Mild 

Steel 

Material Condition 

8 

10 

1 

3 

7 

10 

14 

8 

10 

1 

3 

7 

10 

14 

LX-04: Pressed 

Machined 

0.425 

0.442 

0.388 

0.315 

0.231 

0.422 

0.538 

0.290 

0.310 

0.419 

0.355 

0.388 

0.200 

0.259 

0.645 

0.978 

0.574 

0.747 

0.771 

1.246 

0.823 

0.727 

0.701 

0.671 

0.351 

0.384 

0.306 

0.341 

LX-07: Pressed 

Machined 

0.397 

0.474 

0.391 

0.371 

0.315 

0.315 

0.348 

0.528 

0.341 

0.449 

0.287 

0.359 

0.237 

0.213 

0.514 

0.674 

0.901 

3.812 

1.725 

1.095 

1.706 

1.948 

0.617 

0.834 

0.459 

0.537 

0.381 

0.354 

LX-10: Pressed 

Machined 

0.474 

C.453 

0.446 

0 328 

0.723 

0.348 

0.661 

0.243 

0.500 

0.515 

0.361 

0.354 

0.231 

0.249 

0.635 

0.519 

0.621 

0.659 

0.945 

0.899 

1.544 

1.480 

0.729 

0.813 

0.378 

0.408 

0.351 

0.332 

LX-14: Pressed 

Machined 

0.391 

0.481 

0.335 

0.495 

0.418 

0.520 

0.391 

0.354 

0.517 

0.397 

0.338 

0.287 

0.216 

0.243 

0.502 

0.441 

0.402 

0.634 

0.648 

0.557 

1.381 

0.579 

0.565 

0.544 

0.281 

0.315 

0.185 

0.252 

PBX-9404: Pressed 
Machined 

0.339 

0.371 

0.210 

0.281 

0.240 

0.185 

0.462 

0.361 

0.268 

0.325 

0.210 

0.210 

0.185 

0.159 

0.351 

0.542 

0.441 

0.915 

0.515 

0.672 

1.238 

0.696 

0,447 

0.538 

0,243 

0.303 

0.210 

0.228 

PBX-9407: Pressed 
Machined 

0.351 

0.351 

0.284 

0.284 

0.191 

0.155 

0.228 

0.354 

0.284 

0.290 

0.222 

0.231 

0.155 

0.176 

0.439 

0.408 

0.463 

0.338 

0.728 

0.290 

0.949 

0.246 

0.401 

0.323 

0.234 

0.237 

0.191 

0.188 

PBX-9501: Pressed 
Machined 

0.328 

0.418 

0.252 

0.404 

0.325 

0.415 

0.335 

0.470 

0.348 

0.388 

0.293 

0.197 

0,219 

0.161 

0.408 

0.467 

0.890 

0.662 

1.601 

1.095 

2.709 

0.415 

1.006 

0.518 

0.569 

0.341 

0.416 

0.300 

PBX-9502: Pressed 
Machined 

0.243 

0.256 

0.243 

0.207 

0.197 

0.201 

0.315 

0.216 

0.259 

0.253 

0.191 

0.194 

0.144 

0.129 

0.368 

0.458 

0.729 

1.012 

1.228 

1.253 

0.715 

0.845 

0.496 

0.425 

0.222 

0,216 

0,243 

0.271 
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Table 7-3. Coefficients of friction (f) as functions of sliding velocity v and pressure P at room 
13 

temperature. 







Coefficient 

of friction 

(f) 







when V * 

10 ^ in./min® 

when V = 

10 ^ in./min 

a 

when V = 

10^ in./min 

a 




rr 

[psi (KPa)l 


at P 

[psi (MPa)] 


at P 

[psi (MPa)] 




125 

250 

500 750 1000 

125 

250 

500 750 

1000 

125 250 

500 

750 

1000 

Explosive Material 

(0.86) 

(1.7) 

(3.5) (5.2) (6.9) 

(0.86) 

(1.7) 

(3.5) (5.2) 

(6.9) 

(0.86) (1,7) 

(3.5) 

(5.2) 

(6.9) 

Conn E-3/A1 

1 


0.38 

0.36 0.35 


0.36 

0.33 

0.31 

0.35 

0.34 


0.31 


2 


0.31 

0.30 0.29 


0.28 

0.27 

0.26 

0.27 

0.265 


0.26 

Comp B-3/ 

1 


0.33 

0.32 


0.33 

0.32 


0.32 

0.31 


0.30 

Comp B-3 

2 


0.24 

0.23 


0.25 

0.24 


0.26 

0.24 


0.23 

LX-04/A1 

1 


0.75 

0.72 


0.81 

0.76 


0.80 

0.74 

0.73 



2 


0.70 

0.67 0.62 


0.69 

0.67 0.62 


0.65 

0.72 

0.57 


LX-04/LX-04 

1 


0.95 

0.90 


0.98 

0.93 


1.3 

0.S4 




2 


0.86 

0.83 


0.90 

0.88 


0.94 

0.91 



PEX-9011/A1 

1 


0.71 

0.68 


0.73 



0.74 





2 


0.5£ 

0.52 


0.61 

0.59 


0.62 

0.59 



PBX-9011/ 

1 

0,94 

0.92 


0.98 

0.95 



1.1 0.98 




PBX-9011 

2 

0.90 

0.87 


0.94 

0.90 



0.95 0.92 
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Table 7-3. Coefficients of friction (f) as functions of sliding velocity v and pressure P at room 
1 ^ 

temperature. ' (Continued) 









Coefficient 

of friction (f) 






when V = 

d 

wH 

o 

./min* 


when V = 

10^ in 

. /min* 


when V = 

.„3 . / . a 

10 in./min 





at P 

[psi (MPa)] 



at P 

fpsi (MPa)] 


at P 

[psi (MPa)] 




125 

250 

500 

750 

1000 

125 

250 

500 

750 

1000 

125 250 

500 750 

1000 

Explosive Material 

(0.86) 

(1.7) 

(3.5) 

(5.2) 

(6.9) 

(0.86) 

(1.7) 

(3.5) 

(5.2) 

(6.9) 

(0.86) (1.7) 

(3.5) (5.2) 

(6.9) 

Comp B-3/A1 

1 


0.35 

0.34 


0.32 


0.37 

0.35 


0.34 

0.39 

0.38 



2 


0.28 

0.27 


0.27 


0.30 

0.30 



0.35 

0.34 


Comp B-3/ 

t 

X 


0.31 

0.30 


0.28 


0.31 

0.30 


0.29 


0.33 


Comp B-3 

2 


0.265 

0.25 


0.24 



0.27 




0.285 


LX-U-: '*1 

1 


0.75 

0.71 

0.69 



0.73 

0.71 

0.69 


0.73 

0.72 



2 


0.63 

0.59 

0.56 



0.61 

0.56 



0.61 

0.58 


LX-04/LX-04 

1 


1.1 

0.91 












2 


0.92 

0.89 




0.89 




0.86 



PBX-9011/A1 

1 


0.71 





0.70 




0.72 




2 


0.57 

0.51 




0.57 

0.50 



0.54 

0.52 


PBX-9011/ 

1 

1.0 

0.98 












FBX-9011 

2 

0.90 

0.89 




0.89 









One in./min = 4.23 x 10~4 ta/e. 

b 1 is aluminum, surface finish 125; 2 is aluminum, surface finish 32 




Coefficient of friction 




LX-04-1 or 
P = 250 psi 





PBX-9404 on aluminum 
P = 50 psl (0.3 MPa) 



Sliding velocity — in./min 


Sliding velocity — 4,23 m/s 


Fig. 7-12. Coefficients of friction (f) for LX-04-1 and PBX-9404 as a 
function of sliding velocity (v). Curves calculated for reduced 
temperatures (Tj-) using the Williams-Landel-Ferry (WLF) shift equation.12 
Conversion factor: 1 in./min = 4.23 x 10“^ m/s. 









Table 7-4. Coefficients of friction (f) for single crystals of different HEs 

-4 14 

at constant temperature (20°C) and sliding velocity (v = 2 x 10 m/s). 


Material 

f 

PETN/glass 

0.40 

HMX/glass 

0.55 

RDX/glass 

0.35 

Pb(N3)2/glass 

0.28 

PETN/PETN 

0.40 


7.4. HUGONIOT DATA 

7.4.1. Shock loading 

Figures 7-13 and 7-14 show narrow-pulse and sustained shock-loading 
effects obtained at LANL and LLNL using the flyer-plate technique. The 
transducer data were normalized to a plate-impact velocity of 0.3 mm/psec 
(0.3 kra/s) for the LLNL data,^^ while the impact velocities are reported 
directly for the LANL results. 

Figure 7-15 shows representative data from gas gun experiments using 
dextrinated lead azide. 
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Stress — GPa 









Stress — GPa 



6 8 1i 


Tune - Ais 



Time - n% 


Fig. 7-14. Output pulses generated experimentally at three depths (2, 6, and 
10 mm) in different explosives by a 3.05-r?m thici' aluminum, foam-supported 
impactor. The impact velocities (km/s) were (a) 0.176, (b) 0.266, (c) 0.248, 
(d) 0.252, and (e) 0.294. 























Fig. 7-13. Input and output pulses at tour depths in lead azide by a 5.08-ram 
tliick Plexiglas support plate. 







7.4.2. Unreacted Hufioniot 


The Hugoniot of unreacted HEs can also be expressed by a simple least 
squares relationship: 

U = A + BU - CU^ , 
s p p ’ 

where 

U^ = shock velocity in km/s, 

U = particle velocity in km/s, 

A, B, C = materials constants. 

The data (at ambient temperature) have been compiled from various sources for 
the compositions listed in Tables 3-1 to 3-3. The Gruneisen constant y is 
expressed as: 

/3P\ V 

{n) ” »v ■ 

V \i 

where 

P * pressure, 

E “ energy, 

V = volume, 

CK^ bulk modulus, 

6 = cubic coefficient of thermal expansion. 

Least squares relationships for unreacted Hugoniots are given in Table 7-5. 
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Table 7-5. Least squares fits for unreacted Hugoniots. 


Density, 


3 3 

Explosive (g/cm (Mg/m 

)1 


Equation 

Range^ (km/s) 

Y 

Ref. 

AN 

0.86 

Us 

= 

0.84 + 1.42 Up 


0.9 

18 


1.73 

Us 

SI 

2.20 + 1.96 Up 



18 

Beratol 

2.611 

Us 

m 

2.40 + 1.66 Up 

CO < Us < 3.66 


19 



Us 

- 

1.5 + 2.16 Up 

3.66 < Us < 4.0 


19 


2.63 

Us 

- 

2.79 + 1.25 Up 



20 

Comp B 

1.70 

Us 

- 

2.95 + 1.58 Up 



20 


1.710 

Us 

s 

1.20 + 2.81 Up 

4.40 < Us < 5.04 


21 

Comp B 
(cast) 

1.700 

Us 

» 

2.49 + 1.99 Up 

3.57 < Us < 5.02 


21 

Comp B-3 

1.70 

Us 

as 

3.03 + 1.73 Up 



20 


1.70 

Us 

s 

2.88 + 1.60 Up 

4.24 < Us < 7.01 

CQ “ 2.93 


21 


1.72 

Us 

“ 

2.71 + 1.86 Up 

3.42 < Us < 4.45 


21 


1.723 

Us 

« 

1.23 + 2.81 Up 

4.42 < Us < 5.07 


21 

Comp B-3 
( cast) 

1.680 

Us 

m 

2.710 + 1.860 Up 

3.387 < Us < 4.469 
CO - 2.736 

0.94 V 

21,22 

Cyclotol 

75/25 

1.729 

Us 

M 

2.02 + 2,36 Up 

4.67 < Us < 5.22 


21 

DATB 

1.780 

Us 

m 

2.449 + 1.892 Up 

3.159 < Us < 4.492 
Cl - 2 7660 

1.76 

21,22 

H-6 (cast) 

1.760 

Us 

m 

2.832 + 1.695 Up 

2.832 < Us < 4.535 
Co - 2.759 


21,22 


1.76 

Us 

m 

2.654 + 1.984 

Us < 3.7 


29 

HBX-1 (cast) 

1.750 

Us 

= 

2.936 + 1.651 Up 

cb “ 2.860 


22 

HBX-3 (cast) 

1.850 

Us 


3.134 + 1.605 Up 

cb = 3.095 


22 

HMX 

1.903 

Us 

- 

2.74 + 2.6 Up 


1.10 

23 


1.891 

Us 


2.901 + 2.058 Up 



19 

HNS 

1.38 

Us 

= 

0.61 + 2.77 Up 

1.44 < Us < 1.995 


24 


1.57 

Us 

= 

1.00 + 3.21 Up 

1.00 < Us < 3.18 


24 


CQ = 1.00 
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Table 7-5. Least squares fits for unreacted Hugoniots. (Continued) 


Density, 


Explosive 

[g/cm^ (Mg/m^ 

)] 


Equation 

Range^ (km/s) y 

Ref 

HNS-II 

1.47 

Us 

m 

1.10 3.48 Up 


25 


1.58 

Us 

= 

1.98 + 1.93 Up 


25 

Kel-F 

2.10 

Us 

- 

1.73 + 1.61 Up 

2.65 < Us < 3.78 

21 

LX--04-1 

1.360- 

1.863 

Us 

a 

2.36 2.43 Up 

2.61 < Us < 3.24 

21 

LX-09-0 

1.839 

Us 

- 

2.43 + 2.90 Up 


26 

LX-17-0 

1.90 

Us 

■ 

2.33 2.32 Up 


44 

NG 

1.59 

Us 

- 

2.24 1.66 Up 


28 

NM 

1.13 

Us 

M 

2.00 * 1.38 Up 

2.83 < Us < 4.40 

21 


1.123- 

Us 

m 

1.560 + 1.721 Up 

2.918 < Us < 4.639 

21 


1.1.28 


1.082(1.125 - po) 



NQb 


Us 

m 

3.544 + 1.459 Up 



C 


Us 

- 

3.048 1.725 Up 



Octol 

1.80 

Us 

m 

3.01 1.72 Up 


20 

( cast) 

1.803 

Us 

m 

2.21 2.51 Up 

3.24 < Us < 4.97 

21 

PBX-9011-06 

1.790 

Us 

a 

2.225 2.644 Up 

4.1 _< Us ^6.1 

19 

PBX-9404-03 

1.721 

Us 

m 

1.89 + 1.57 Up 

2.4 < Us < 3.7 

19 


1.84 

Us 

m 

2.45 + 2.48 Up 

2.45 < Us < 6.05 

CQ ” 2.60 

24 

PBX-9404 

1.84 

Us 

m 

2.310 2.767 Up 

Us < 3.2 

Cb -> 2.310 

29 

PBX-9407 

1.60 

Us 

a 

1.328 + 1.993 Up 

2.11 < Us < 3.18 

30 

PBX-9501-01 

1.844 

Us 

=: 

2.683 + 1.906 Up 

2.9 < Us < 4,4 

19 

PBX-9604 

1.491 

Us 

m 

0.987 + 2.509 Up 


27 

Pentolite 

50/50 

1.67 

Us 

m 

2.83 -t- 1.91 Up 


20 


1.676 

Us 

a 

2.885 + 3.20 Up 

4.52 < Us < 5.25 

21 
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Table 7-5. Least squares fits for unreacted Hugoniots. (Continued) 


Density, 


3 3 

Explosive [g/cm (Mg/m )] 

Equation 

Range^ (kra/s) 

V 

Ref. 

PETN 0.82 

Us - 

0.47 + 1.73 Up 


1.7 

18 

1.59 

Us “ 

1.33 + 2.18 Up 

1.40 < Ug < 2.14 

CQ •* 2.45 


24 


Us “ 

0.64 + 4.19 Up 

1.86 < Us < 2.65 

CQ •= 2.45 


24 

1.60 

Us - 

1.32 + 2.58 Up 

1.89 < Us < 2.56 

0.77 

31 

1.72 

Us - 

2.326 + 2.342 Up 

2.83 < Us < 3.18 
cg = 2.326 


32 


Us “ 

1.83 + 3.45 Up 

2.52 < Us < 3.87 
cjj ■ 2.24 

0.77 

31 

1.75 

Us - 

2.53 + 1.88 Up 



33 

1.77 

Us “ 

2.42 + 1.91 Up 



18 

1.774 

Us “ 

2,320 + 2.61 Up 

Us < 4.1648 


34 


- 0.38U^ 

Cb - 2.32 




Us - 

2.811 + 1.73 Up 

Us > 4.195 

1.15 

34 

Polystyrene 1.05 

Us - 

2.40 + 1.637 Up 

3.87 < Us < 6.493 


21 

RDX 1.0 

Us - 

0.4 + 2.00 Up 


2.6 

18 

1.64 

Ua - 

1.93 + 0.666 Up 

2.00 < Us < 2.16 


24 




CQ ■ 2.80 




Us - 

0.70 + 4.11 Up 

2.14 < Us < 2.63 
cq - 2.80 


24 

1.799 

Us = 

2.78 + 1.9 Up 


1.29 

23 

1.80 

Us - 

2.87 + 1,61 Up 

4.21 < Us < 5.45 


19 

TATB 1.847 

Us - 

2.340 + 2.316 Up 

3.125 < Us < 5.629 

1.60 

20,21 



CQ - 2.050 


22,26 

1.876 

Us - 

1,46 + 3.68 Up 

CQ ^ Ug ^ 3«23 


19 


Us = 

2.037 + 2.497 Up 

3.23 < Us < 5.9 


19 

1.937 

Us “ 

1.43 + 10.13 Up 
- 11.42 U^ 

Ug < 3.4412 


33 


Us - 

2.90 + 1.68 Up 

Us > 3.404 

Cb - 1.43 

0.20 

33 
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Table 7-5. Least squares fits -for unreacted Hugoniots. (Continued) 


Density, 

3 3 

Explosive [g/cm (Mg/m )] 


Equation 


Range^ (km/s) y Ref. 


Tetryl 


0.86 

1.30 


TNT 


1.50 

1.60 

1.70 

1.73 

0.98 

1.643- 

1.648 


Us " 0.35 + 1.75 Up 

Us - 2.1620 1.4271 Up 

- (0.4993/Up) 

Us = 1.6111 1.9658 Up 

- (0.2784/Up) 

Ug - 2.1674 + 1.6225 Up 

- (0.3411/Up) 

Ug = 2.3621 + 1.5285 Up 

- <0.2519/Up) 

Ug - 2.4763 + 1.416 Up 

Ug - 2.17 1.9i Up 

Ug - 0.366 + 1.813 Up 
Ug - 2.372 + 2.16 Up 


cji = 1.1 

2.20 < Ug 
cj, = 1.13 

2.63 < Ug 
Cl - 1.36 

2.86 < Us 

Cl = 1.66 

3.08 < Ug 
Cfc » 2.035 

1.05 < Us i 

2.78 < Us 
cq - 2.30 

2.345 < Ug < 3.375 



1.65 18 

: 4.16 

35 

: 4.07 

35 

: 4.17 

35 

: 4.25 

35 

: 4.17 

35 


18 

< 3.26 

18 


21 


cast 

1.614 

Us 

m 

2.390 + 2.050 Up 

3.034 < Us < 5.414 
CQ - 2.572 

0.737 

21,22 


1.62 

Us 

m 

2.274 + 2.652 Up 

Us < 3.7 


29 



Us 

m 

2.987 + 1.363 Up 

3.7 < Us 
- 2.297 


29 


1.63 

Us 

w 

2.57 * 1.88 Up 



20 

(liquid) 
(82“C) 

1.472 

Us 

m 

2.14 + 1.57 Up 

3.49 < Us < 4.65 

CQ - 1.37 ~ 


21,22 

Tritonal 

(cast) 

1.73 

Us 

m 

2.313 + 2.769 Up 

Us < 3.8 


29 

XTX-8003 

1.53 

Us 

m 

1.49 + 3.30 Up 

2.38 < Us < 4.06 

0.77 

31 


a Sound velocities through the sample are in km/s; cq ■ initial sound velocity, 
Ci ■ longitudinal sound velocity, cb bulk sound velocity. Pressures were 
converted to pascal, 
b Large grain, 
c Commercial grain. 
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7.4.3. Sound velocity 


Longitudinal and transverse shear sound velocities (c and c , respec- 

M S 

tively) were measured bv Marsh of LANL for materials with large acoustic 
3 6 

attenuation. The arrival times of signals traveling through different 
thicknesses of stacked samples were measured, and the sound velocities were 
determined by a differential technique, i.e., by measuring the transit times 
of the signals through the measured thicknesses of the samples. 

The bulk sound velocities compiled in Table 7-6 were determined 

from the expression for isotropic materials: 




a 



4 2 

3 ‘^s • 



{ 
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(Continupd) 


Table 7-6. Sound velocities c . c , and c . 

£ s b 


Materia 1 
( preparation) 

Density, p 


c 

s 

% 

Ref. 

[g/cm^ (Mg/m^)] 

__ 

(km/s) 

(km/s) 

(km/s) 



PBX-9501 

1.82 

2.97 

1.39 

2.50 

16 

PBX-9502 

1.88 

2.74 

1.38 

2.20a 

16 

PBX-9604 

1.A91 

— 

— 

0.996 

27 

PETN 

1.77 

— 

— 

2.32 

38 

Polystyrene 

1,06 

— 

— 

1.98 

38 

RDX (pressed) 

1.80 

— 

— 

2.65 

38 

TATB 

1,868 

1.907 

1.083 

1.439 

41 

(pressed) 

1.87 

2.006 

1.18b 

1.43f 

16,42 


1.87 

2.55C 

— 

1.43f 

16,42 


1.87 

— 

1.24d 

1.43f 

16,42 


1.87 

— 

1.356 

1.43f 

16,42 

(isotropic purified) 

1.876 

1.98 

1.16 

1.46 

36 

Tetryl 

1.73 


-- 

2.19 

38 

(pressed) 

1 .68 

2.27 

1.24 

1.76 

36 

TNT 

i.63 

2.68 

1.35 

2.1- 

16 

(creamed, cast) 

1.624 

2.48 

1.34 

— 

16 

(crystal) 

— 

— 

— 

2.20 

38 

(liquid) 

1.47 

— 

— 

1.55 

38 

(molten) 

1.47 

— 

— 

2.1 

36 

(pressed) 

1.61 

2.48 

1.34 

1.94 

36 

(pressed) 

1.632 

2.58 

1.35 

2.08 

36 


3 Ho check was made of other sample orientations. 

Parallel to pressing direction, 
c Perpendicular to pressing direction. 

d Perpendicular to pressing direction and particle motion parallel to 
pressing direction. 

e Perpendicular to pressing direction and particle motion perpendicular to 
pressing direction. 

f Assuming that TATE is transverse isotropic, the velocities were converted 
to elastic constants from v;hich the bulk sound speed was calculated. 
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8. PERFORMANCE 


This section contains tables of detonation velocities and methods for 
their estimation, detonation velocity equa^'ions, Chapman-Jouguet detonation 
pressures, reaction-zone lengths, cylinder test measurements of explosive 
energies, equation-of-state parameters, detonation energies, Gurney values, 
and failure diameters. 

8.1. DETONATIOM VELOCITY 

Detonation velocities (D) can be determined experimentally (Table 8-1), 
calculated for variations in composition and temperature, or estimated with 
the use of empirical relationships. 


Table 8-1. Detonation velocities (D) measured at nominal composition and 
density p, under ambient conditions in large charges. 


Explosive 


Density, p 
[g/cm^ (Mg/m^)] 


Detonation velocity, D 
[mm/psec (km/s)] 


Ref, 


Amatol 80/20 
AN 

Bara'tol 
Black powder 

Boracitol 
BTF 

Comp A-3 

Comp B 
(cast) 


1.6 

-vO.? 

0.82 

1.30 

2.55 
-vO.? 

•vO.9-1.1 

1.55 

1.86 

1.61 

1.64 

1.56 
1.61 
1.72 


5.2 
ml. 5 

3.49 (in paper tubes) 

5.27 (in paper tubes) 

4.87 

ml. 3 
ml.35 

4.86 

8.49 

8.27 

8.47 

7.48 (in paper tubes) 
7.67 

7.92 


4 

5 

3 

4 

5 
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Table 8-1. Detonation velocities D measured at nominal composition and 
density p, under ambient conditions in large charges. (Continued) 


Explosive 

Density, p 

Detonation velocity, D 

Ref 

[g/cm^ (Mg/m^)] 

[mm/psec. (km/s)] 

Corap B, Grade A 

1.72 

7.99 


(pressed) 




Corap B-3 (cast) 

1.62 

7.70 



1.72 

7.89 

5 

Corap C-3 

1.60 

7.63 

8 

Comp C-4 

1.59 

8.04 

8 


1.601 

8.19 



1.66 

8.37 

5 

Cyclotol 60/40 

1.72 

7.90 

8 

Cyclotol 75/25 

1.74 

8.20 

5 


1.76 

8.30 

8 

DATE 

1.79 

7.52 


DEGN 

1.38 

6.76 

8 

DIPAM 

1.76 

7.40 

6 

EL-506A 

1.48 

7.0 


EL-506C 

1.48 

7.03 

7 

Explosive D 

1.55 

6.85 

8 

FEFG 

1.607 

7.50 


H-6 

1.71 

7.19 

8 


1.75 

7.9 

9 

HBX-1 

<vl.60 

5.38 

10 


1-.712 

7.31 

10 

HBX-3 

1.81 

6.92 

8 


1.84 

7.12 

5 

HMX 

1.89 

9.11 


HNAB (pressed) 

1.60 

7.311 

11 



Table 8-1. 

Detonation velocities D measured 

at nominal 

composition and 


density p, 

under ambient conditions in large 

charges. 

(Continued) 



Density, p 

Detonation 

velocity, D 


Explosive 

[g/cm^ (Mg/m^)] 

[mm/psec 

(km/s)]^ 

Ref 

HNS T 

1.60 

6.80 


6,12 

HNS 11 

1.70 

7.00 


6,12 

Lead az.de 

3.8 

5.5 


13 

Lead styphnate 2.9 

5.2 • 



LX-01 

1.24 

6.84 



LX-02 

1.44 

7.37 



LX-04 

1.86 

1.87 

8.46 

8.54 


5 

LX-07-2 

1.87 

8.64 



LX-08 

>1.42 

6.56 



LX-09-1 

:.84 

8.81 


14 

LX-10-0 

1.86 

8.8? 



LX-10-1 

1.87 

8.85 


14 

LX-11 

1.87 

8,.32 



LX-13 (See 

XTX-8003) 




LX-lA-0 

1.833 

8.83 


15 

LX-15 

1.584 

6.84 


16 

LX-17-0 

1.903 

7.63 


30 

MEN-II 

1.02 

5.49 



Minol-2 

1.68 

5.82 


8 

NC (13.45% N) 1.20 

7.30 



NG 

1.59 

1.60 

7.65 

7.70 


17 
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Table 8-1. Detonation velocities D measured 

at nominal composition and 


density p, under 

ambient conditions in large 

charges. (Continued) 



Density, p 

Detonation velocity, D 


Explosive 

[g/cm^ (Mg/m^)] 

[mm/ysec (Icm/s)]^ 

Ref 

NM 

1.13 

6.35 

18 

NQ 

1.55 

7.65 



1.62 

7.93 

36 

Octol 75/25 

1.81 . 

8.48 


PBX-9007 

1.64 

8.09 


PBX-9010 

1.78 

8.37 


PBX-9011 

1.77 

8.50 


PBX-9205 

1.67 

8.17 


PBX-9404 

1.84 

8.80 


PBX-9407 

1.60 

7.91 


PBX-9501 

1.84 

8.83 

19 

PPX-9502 

1.90 

7.71 

20 

PBX"9503 

1.90 

7.72 

21 

Pentolite 50/50 

1.68 

7.52 

23 


1.70 

7.53 

22 

PETN 

1. S 

7.9 

1 


1.76 

8.26 


Picric acid 

1.6 

7.1 

1 

(cast) 

1.71 

7.26 

23 

RDX 

1.6 

8.25 

1 


1.77 

8.70 


TACOT 

1.85 

7.25 


TATB 

1.88 

7.76 


Tetryl 

1.51 

7.15 

23 

(pressed) 

1.6 

7.5 

1 


1.71 

7.85 
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Table 8-1. Detonation velocities D measured at nominal composition and 
density p, under ambient conditions in large charges. (Continued) 

Density, p Detonation velocity, D 

33 ' a 

Explosive [g/cm (Mg/ra )] [mm/psec (km/s)l Ref. 


TNM 

1.6 

6.4 

[15-20°C (288-298 K)] 

24 

TNT 

0.95 

4.85 


3 


1.47 

6.48 


3 


1.59 

6.95 


8 


1.6 

6.9 


1 

(pressed) 

1.64 

6.93 


18 

(cast) 

1.61 

6.73 


5 

(cast at 291 K) 

1.62 

6.97 


25 

(cast at 77.4 K) 

1.7n 

6.99 


25 

(cast at 20.4 K) 

1.71 

7.00 


25 

(liquid at 373 K) 


mb. 52 

in 70-mm-diam x 510- 

26 




mm-long Pyrex tube 


(powder) 

1.00 

4.65 


23 

XTX-8003 

^1.53 

7.30 

(in 2-mm-diam channel) 

27 

XTX~8004 

'v-1.55 

7.22 

(in 2-mnr-diam channel) 

27 


a One mm/p sec ” 1 km/s. 


8.1-1. Equations 

To calculate detonation velocities at conditions other than those 
specified in Table 8-1, the equations in Table 8-2 were developed to take into 
account composition and density of the explosive, the charge diameter, and the 
temperature. 
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Table 8-2. Detonation velocity equations 


Explosive 

Equation® 


Condition 

Ref. 

AP 

D = 1,146 + 2.576p 

(1.146 + (2.576 X 103p)) 

0.55 < p < 1.0 

33 

Baratol 

D = 4.96 - (0.454/S) 

(4.96 - [(4.54 X 10-3)/r]) 

27% TNT, p 'v-2.60, 2.5<R<io 

35 

BoraciCol 

D = 5-15 - (6..25/R) 

(5.15 - ((62.5 X 10~3)r]) 

R > 5 (0.05) 

35 

BTF 

D = 4-265 + 2.27p 

(4.265 + (2.27 x 10-3p)) 

— 

30 

Comp B, 

Grade A 

D = 7.99 - (75.6 x 10-3)/R] 

AD/AT = -0.5 X 10~3 

(7.99 - [(0.756 X 10-3)/R]) 

p = 1.715 

35 

Cyclotol 75/25 

D = 8.298 - [(57.7 x 10-3 )/r] 

(8.298 - [(0.577 x 10-3>/R]) 

77% RDX, p = 1.755 

35 

DATE 

D = 7.52 - (52.76 x 10"3 )/r) 

(7.52 - 1(0.528 X lO-3)/R]) 

p = 1.788 



D = 2.495 2.834p 

(2.495 + (2.834 x 10-3p)) 

— 


HBX-1 

D* = -0.063 + 4.305p 

(-0.063 + (4.305 X 10-3p)) 

— 

10 

HNAB 

D = 18.579P - 5.233p2 - 9.033 


1.40 < p < 1.65 

30 

LX-01-0 

AD/AT = -3.8 X 10"3 

— 

— 


LX-02 

D = 7.44 - [(4.31 X 10-3)/r] 

(7.44 - 1(43.1 X 10-6)/R]) 

Brass confinement; 
varies with confinement. 


LX-04-1 

D = 1.733 + 3.62p 

D„ = 8.46 - [(24.015 x 10-3 )/r] 
AD/AT = -1.55 X 10~3 

AD/AW = -38 X 10"3 

(1.733 + (3.62 X 10-3p)) 

(8.46 - ((0.24 X 10~3)/R]) 

p = 1.86 

-54 to 74"C (219-347 K) 

(W = wt% Viton) 


LX-07 

AD/AT = -1.55 X 10"3 

AD/AW = -35 X 10"3 

— 

-54 to 74‘’C (219-347 K) 

(W = wt% HMX) 
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Table 8-2. Detonation velocity equrti.ons. (Continued) 


Explosive 

Equation^ 


Condition 

Ref. 

LX-08 

AD/AT = -3.56 X 10” 

— 

-36 to 23“C (237-296 K) 


LX-09 

AD/AT = -3.31 X 10-3 

— 

-54 to 74“C (219-347 X) 

37 

LX-13 (See XTX-8002) 




NM 

AD/AT = -3.7 X 10-3 

— 

-20 to 70“C (253-343 K) 

38 


D = 6.268 - ((4.23 x 10-3)(T - Tq)] 

— 

39 


AD/AP = 0.197 X 10-3 min/us-atm 

(19.96 km/s-Pa) 

4‘’C (277 K) , infinite diam 


NQ 

D = 1.44 + 4.015P 

(1.44 + (4.015 X 10-3p)) 

0.4 < p < 1.63 

36 

Octol 75/25 

D = 8.48 - [(64.97 x 10-3)/R] 

(8.48 - [(0.65 X 10-3)/r]1 

77% HMX, p = 1.814 

35 

PBX-9010 

D = 2.843 + 3.1p 

(2.843 + (3.1 X 10-3p)) 

— 



D = 8.371 - [(10.16 X 10-3)/R1 

(8.371 - [(0.102 X 10-3)/R]) 

p = 1.781 

30 

PBX-9205 

D = 2.41 + 3.44p 

(2.41 + (3.44 X i0-3p)) 

— 



D = 4.995 + (36.54 x 10-3v) 

— 

V = vol% RDX; p = 97.5% TMD 

PBX-9404 

D = 8.8 - [(24.12 X 10-3)/RI 

(8.8 - {(0.24 X 1C-3)/R)] 

— 



D = 2.176 + 3.6p 

(2.176 + (3.6 X 10-3p)) 

— 



AD/AT = -1.165 X 10-3 

— 

-54 to (219-347 K) 


Pentolite 50/50 

AD/AT = -0.4 X 10“3 

-54 to 74’C (219-347 K) 

— 


PETN 

D = 2.14 + 2.84p 

(2.14 + (2-84 X 10-3p)) 

p < 0.37 

40 


D = 3.19 + 3.7(p - 0 37) 

— 

0.37 < p < 1.65 

40 


D = 7.92 + 3.05(p - 1.65) 

— 

p > 1.65 

40 
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Table 8-2. Detonation velocity equations. (Continued) 


Explosive 


Equation^ 


Condition Ref. 


Picric acid D = 5.255 + 3.045(p - 1.00) 

RD.; D = 2.56 + 3.47p 

TATB D = 0.343 + 3.94p 

D = 7.79 - ((16.8 X 10-3)/R1 


(2.56 + (3.47 X 10-3p)) 

(0.343 + (3.94 X 10-3p)) 
(7.79 - ((0.168 X 10-3 )/r1) 


p >1.0 
p > 1.2 

p = 1.875 


41 

42 

35 


TNT 


XTX-8003 


= 1.873 f 3.187P 
Deo = 6.763 + 3.187(p - 1.534) 
- 25.Up - 1.534)2 
+ 115.l(p - 1.534)3 
D® = 1.67 + 3.342p 

D = 7.26 - ((3.02 X 10-3)/Rl 
D = 3.68 + (44.8 x lQ-3u) 
PD/AT = -2.34 X 10-3 


(1.873 + (3.187 X 10"-^p)) 

(1.67 + (3.34 X 10"3p) 
(7.26 - ((30.2 X 10-6)/R]) 


0.9 < 

p < 1.534 

43 

1.534 

< p < 1.636 

4‘3 


— 

48 

p = 1.53 

37 

(K = wt% PETN) 


-54 to 74°C (219-347 K) 



a Symbols and units are: D = detonation velocity in mm/ysec (kni/s), p 
radius in cm (m), V/ = composition in wt%, V = composition in vol%, T = 
parentheses are in SI units. 


= density in g/cm3 (Kg/m3), R = charge 
temperature in °C (K). Values or equations 


tn 



8.1.2, Estimation 


Method a . One method for estimating the d^.'tonation velocity and pressure 

of an organic C-H-N-0 explosiv^^ from its chemical structure was devised by 

Kamiet and Jacobs of the U.S. Naval Surface VJeapons Center, White Oak 
28 

Laboratory. Detonation pressures (P) in kbars and detonation velocities 
(D) in km/s of C-Il-N-0 ex,'osives at initial densities above 1.0 g/cm"^ can 
be calculated by means of the simple empirical aquations 


P * KPq4> . 

1/2 

D - A(^ ' (1 + Bpq ) , 


(ti “ NM 


1/2 



1 


where 


K = 15.58. 

3 3 

Pq ■ initial density of HE (g/cm (Mg/m )], 

k =■ 1 . 01 , 

B » 1.30, 

N = moles of gaseous detonation products per gram of HE (mol gas/g HE), 
M “ average molecular weight of detonation product gas (g gas/mol gas), 
Q ■ chemical energy of the detonation reaction (cal/g). 

Values of N, M, and Q can be estimated from the H^O-CO^ decomposition 
assumption. The other input parameters are the elemental composition, the 
in kcal/mol, and the loading density of the HE. 


C H, N 0, 
a o c d 


I » . I H,0 . 




Then 


_2c -t- 2d -»• b 

48a + 4b + 56c + 64d * 


56c + 88d - 8b 
2 c + 2d + b ■ ’ 
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AH^(deConation products) - AH^(HE) 
^^0 formula weight 

28.9b + 47.0 (d - I) + 4H^(HE) 

12a + b + 14c + 16d 


Method b . Another simple empirical equation was demonstrated by Urizar 
at LANL in the late 1940s and gives good agreement with measured detonation 
velocities of mixtures. The detonation velocity of a mixture or formulation 
can be estimated or predicted as the sum of the detonation or shock velocities 
of the components weighted by their individual volume fractions. Table 8-3 
gives values of characteristic velocities for use in the equation: 

D . 2 (V.D.) , 


where D is the detonation velocity of the mixture of infinite diameter, V is 

the volume fraction, and subscript i refers to each of the i components 

29 30 

including void space. ’ 

Method c . Russian researchers have also developed generalized, simple 

relationships to estimate detonation velocities of explosives, taking into 

• • 31 

account the state of the detonation products. Borzykh and Kondrikov 

developed a generalized relationship for D vs p from the many experimental 

results available. Their formula for 8ecou'>ory HEs is: 


D = 2.395 + 3.589 p, where p is the charge density. 

A comparable generalized relationship for the case where the detonation 

• • 32 

products are completely gaseous is given by Pepekin and Lebedev as: 


D = 4.2 + 2.0 4ip , 


1/2 

where 4) is nQ , n is mol of gaseous detonation products per gram of HE, 
Q is the heat of explosion in kcal/g, and p is the charge density in g/cm 


3 
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29,30 


Table 8-3. Characteristic velocities D.. 

1 


Material 


Density, p 
[g/cm^ (Mg/m^)] 


Characteristic velocity. 


D. 

1 


[mm/nsec (km/s)] 


Polymers and plasticizers 


Adiprene 1. 

1.15 

5.69 

AFNOL 

1.48 

6.35 

Beeswax 

0.92 

6.50 

BDNPA-F (50/50 wt% eutectic) 

1.39 

6.31 

BDNPF 

1.42 

6.50 

CEF 

1.45 

5.15 

DNPA 

1.47 

6.10 

EDi:[P 

1.28 

6.30 

Estane 5740-X2 

1.2 

5.52 

Exon-400 XR61 

1.7 

5.47 

Exon~454 (85/15 wt% PVC/PVA) 

1.35 

4.90 

FEFO (as constituent to ''<35%) 

1.60 

7.20 

Fluoronitroso rubber 

1.92 

6.09 

Halowax 1014 

1.78 

4.22 

Kel-F wax 


5.62 

Kel~F elastomer 

1.85 

5.38 

Kel-F 800/827 

2.00 

5.83 

Kel-F 800 

2.02 

5.50 

Neoprene CNA 

1.23 

5.02 

NC 

1.58 

6.70 

Paracril BJ (Buna-N nitrile rubber) 

0.97 

5.39 

Polyethylene 

(.93 

5.55 

Polystyrene 

1.05 

5.28 

Saran F-242 


.).55 

Silastic 160 


5.72 

Sylgard 182 

1.05 

5.10 

Teflon 

2.15 

5.33 

Viton A 

1.82 

5.39 
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29,30 


(Continued) 


Table 8-3. Characteristic velocities D.. 

X 


Material 


Density, p _ 

[g/cm^ (Mg/m^)] 


Characteristic velocity, 
[mm/psec (km/s)] 


Inorganic additives 


Air or void 


1.5 

A1 

2.70 

6.85 

Ba(N02)2 

3.24 

3.80 

KCIO, 

4 

2.52 

5.47 

LiClO, 

4 

2.43 

6.32 

LiF 

2.64 

6.07 

Mg 

1.74 

7.2 

Mg/Al alloy (61.5/38.5 wt%) 

2.02 

6.9 

NH^CIO^ 

1.95 

6.25 

Si02 (Cab-O-Sil) 

2.21 

4.0 


Pure explosives at TMD 


DATE 

1.84 

7.52 

FEFO (invalid when <35% present) 

1.61 

7.50 

HMX 

1.90 

9.15 

NQ 

1.81 

8.74 

PETN 

1.78 

8.59 

RDX 

1.81 

8.80 

TATE 

1.94 

8.00 

TNT 

1.654 

6.97 


a One shot only. 
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Method d » Rothstein and Peterson found that a linear relationship 
exists for ideal explosives between' the detonation velocity at TMD and a 
factor F, which is dependent only on the chemical composition and structure of 
the HE. On the basis of experimental data, the following relationship is 
applicable to C-H“N-0-F explosives. Detonation velocities can be predicted 
quickly and easily for newly developed compositions. 


D ' = 


F - 0.26 
0.55 


Dq + 3.0 (, 


TM 


■ ^ 0 ^ 


wher‘ 
D ' 


estimated detonation velocity at TMD p 


TM’ 


)g = experimental detonation velocity at Pg, and 


n(0) + n(N) + n(F) - 


100 


n(H) - n(HF ) 
_2n(0) 


A n(B/F) 
3 1.75 


n(C ) n(D) 
2.5 ■ 4 


n(E) 

5 


MW 


]- 


where 

G *0.4 for each liquid explosive component and 0 for solid 

explosives, 

A « 1 for aromatic compounds; otherwise A = 0, 

and where, for 1 mol of the composition, 
n(0) » number of oxygen atoms, 

n(N) ■ number of nitrogen atoms, 

n(H) = number of hydrogen atoms, 

n(F) ■ number of fluorine atoms, 

n(HF) » number of hydrogen fluoride molecules that can possibly 

form from available hydrogen, 

n(B/F) = number of oxygen atoms in excess of those available to form 
CO^ and H 2 O and/or the number of fluorine atoms in 
excess of those available to formHF, 
n(C) “ number of oxygen atoms doubly bonded directly to carbon (as 
in a ketone or ester), 

n(D) = number of oxygen atoms singly bonded directly to carbon (as 
in >C-0-R and where R can be ~H, -NH^^ -C, etc.), 
n(E) = number of nitrato groups existing either as a nitrate ester 
or as a nitric acid salt such as hydrazine mononitrate. 

The relation [n(H) - n(HF)]/2n(0) is 0 if n(0) = 0 or if n(HF) > n(H). 


n(G; 
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8.2. C;iAPMAN"J0UGU!2T DETONATION PRESSURE 


In idealized detonation theory, a detonation front consists of several 
regions: 

(1) The leading surface is a chemically unreactive shock front with a 
discontinuous high pressure. 

(2) The reaction zone, which follows the shock front, is where chemical 
reactions take place that release the bulk of the detonation energy; its 
thickness is estimated to be about 10 ^ mm for some pure explosives, but may 
vary by several powers of 1C depending on the HE. 

(3) The Chapman-Jouguet (C-J) plane is the surface at the rear of the 
reaction zone. 

(4) The Taylor wave, a rarefaction wave, is the expansion flow following 
the C-J state. 

Complete thermodynamic equilibrium is assumed to exist at the C-J plane, 
and the detonation products are saif' to be at the C-J state. Detonation 
pressure normally refers to the pr.:ss{ re in the C-J state, which is somewhat 
lower than the pressure at the shock front. 

Experimentally, C-J pressures (table 8-4) are measured by various 
indirect hydrodynamic methods. These measurements may span a range of 10-20X, 
and their exact interpretation is uncertain. The calculated C-J pressures 
(Table 8-4) are obtained with the TIGER hydrodynamic-thermodynamic computer 
code, which combines the Rankine-Hugoniot conservation equations, the C-J 
condition, the density p and enthalpy of formation of the explosive, 
the laws of chemical thermodynamic equilibrium, and the Brinkley-Kistiakowsky- 
Wilson (BKW) equation of state for the gaseous products. The code parameters 
are normalized with measured detonation velocities and C-J pressures of 
several explosives. 
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Table 8—4. Detonation pressures, P 


CJ’ 


Explosive 

Density, p 
[g/cm^ (Mg/in^)] 

Pcj [kbar 
Measured 

(10“^ GPa)]® 
Calculated 

Ref 

AP 

1.95 


187 

44 

Baratol 

2.61 

140 

- 


BTF 

1.859 

360 

309 

45 

Comp B, Grade A 

1.717 

295 b 

- 


Comp B-3 

1.715 

287 

- 


Corap C-4 

1.59 

- 

257 


Cyclotol 77/23 

1.752 

316 

- 


DATE 

1.78 

259 

250 


FEFO 

1.59 

250 

232 

45 

HBX~1 

1.712 

220.4 

- 

10 

HMX 

1.89 

390 

394 

45 

HNAB 

1.60 

. 205 

- 

11 

HNS 

1.60 

- 

200 

46 

LX~01 

1.31 

156 

177 


LX-04 

1.865 

350 

330 


LX-Oy-2 

1.865 

- 

346 


LX-09-0 

1.837 

377 

373 


LX-10 

1.860 

375 

360 


LX-11 1.87 

LX~13 (See XTX-8003) 

— 

310 


LX-14 

1 133 

370 

_ 


LX-15 

1.58 

- 

188 

16 

LX-17--0 

1.900 

300 


92 

MEN-II 

1.017 

- 

113 


NC (12.0% N) 

1.58 

- 

200 


NC (13.35% N) 

1.58 

- 

210 


NG 

1.59 

253 

251 


NM 

1.135 

125 

144 

45 

Octol 7? .6/22 .4 

1.821 

342 

- 
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Table 8-4. Detonation pressures, P 


(Continued) 


CJ‘ 


Explosive 

Density, p 

Pcj [kbar 

do"^ GPa)]^ 

Ref. 

[g/cm^ (Mg/m^)] 

Measured 

Calculated 

PBX-9007 

1.60 

265 

- 


PBX-9010 

1.783 

328±5 

- 


PBX-9011 

1.767 

3 24 ±5 

- 


PBX-9205 

1.69 

- 

288 


PBX-9404 

1.840 

375 

354 


PBX-9407 

1.60 

287 

300 


Pentolite 50/50 

1.70 

- 

255 

22 

PETN 

1.77 

335 

332 

45 


1.67 

300 

280 



0.99 

87 

100 


Picric acid 

1.76 

- 

265 

35 


1.00 

- 

88 

35 

RDX 

1.767 

338 

348 


TACOT 

1.61 

- 

181 


TATB 

1.88 

.. 

291 


Tetryl 

1.71 

- 

260 


TNM 

1.65 

- 

144 


TNT 

1.630 

210 

223 

45 

XTX-8003 

1.546 

170 

210 



a One GPa = 10 kbar. 

^ Pressure can be corrected for small changes in % IU)X and density by the 
formula P = 295 + 1.57 (%RDX - 64) + 678.5 ((pq - 1.717)/po]. 



8.2.1 Reaction zone 


Defining the thiclaieas of the reaction zone is open to some question 

because the zone cannot be measured directly. The thickness (also called 

length or width) is generally inferred from hydrodynamic experiments, but the 

techniques used ai’e frequently questionable, aiad the equations are based on or 

inferred from measurements of detonation velocity vs chai’ge diameter. 

47 

Eyring determined that the reaction zone is about 1 ram long for 

typical HEs. He resoned that reaction zones for primary HEs would be smaller 
than 0.1 mm and would therefore be difficult—if not impossible—to determine. 

The values given in Table 8-5 are approximations. Experimental 
techniques and results shoiild be verified with the original author (see 
references). Figure 8-1 compares the derived reaction 2;one "length" for TNT 
as a function of loading density for confined and unconfined charges, as 
reported by Urizar, James, aiid Smith^^ and by Stesik and Akimova*^^. 



0 I-1-1-1-1-1-_I 

0.8 1.0 1.2 1.4 1.6 1,8 

Loading density (p) - g/cm^ 


Fig,, 8-1. The detonation reaction zone length for TNT as a function of 
loading density.^3,^8 
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Table 8-5. Reaction zone length. 


Density, p 

.Approx imate 
length (mm) 

Conditions 
Charge diameter (; 

mm) 

Ref. 

Explosive [g/ 

cm^ (Mg/m'^)] 

Amatol 80/20 

1.67 

4 



47 

AP (lOp) 

1,00 

6.3 

203 nun long 


34 


1.10 

6.7 

203 mm long 


34 


1.20 

8.0 

203 mm long 


34 


1.26 

10.0 

203 mm long 


34 

Comp B 

1.67 

0.13 (A1 plate) 

140x140x76 


49 

HBX-1 

1.60 

0.19 



10 

NG 


0.21 



47 

NM 

1.128 

0.3-0.6 

0.25-mra thick-walled 

50 




paper tube 




1.128 

0.03 

Pyrex cylinder 


39 



0.08 at -5“C 

25.4-mrfr-OD brass 

tube. 

51 



0.27 at 33“C 

25.4-mm-OD braao 

tube 

51 

NM/acetone 75/25 


0.21 



52 


1.05 

1.60 

80 


53 


1.05 

0.80 

55 


53 

FBX-9502 

1.895 

3.3 

200 


20 

Picric acid 


2.2 

glass cylimh.‘r 


47 

RDX 


0.826 



47 

(microiKJrous) 

1.30 

1,82 

cylinder 


54 

(single crystal) 

1.80 

2.9C 

DxL = 1.23 


54 

TATB 


0 . 5 - 0,65 

cylinder 


91 

TUT 


0.36 

steel cylinder 


47 


1.00 

0.32 (Mg plate) 

4o, 90 mm long 


55 


1.55 

0.18 (A1 plate) 

4o, 90 mm long 


55 



0.13 (Cu plate) 

40, 90 mm long 


55 



0.21 (Mg plate) 

4o, 90 mm long 


55 


1.59 

0.70 

60 mm long 


53 

(pressed) 

1.63 

0.3 

90 mm long 


56 

(cast) 

1.615 

0.42 at 291 K 



25 


1.70 

0.55 at 77.4 K 

8-56 in. 0.2-mm 


25 


1.71 

0.62 rt 20.4 K 

paper cylinder 


25 

(liquid) 


0.9 at 100°C 

glass cylinder 


26 



1.1 at 100°C 

Dural cylinder 


26 

TNT/RDX 50/50 

1.67 

0.12 

90 


56 
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8.3. CYLINDER-TEST MEASUREMENTS OF EXPLOSIVE ENERGY 


The cylinder test gives a measure of the hydrodynamic performance of an 
explosive. The test geometry is based on a constant volume of HE. The test 
system consists of an explosive charge 1 in. in diameter and 12 in. long (25 
by 310 mm) in a tightly fitting copper tube with a wall 0.1022 in. (2.6 mm) 
thick. The charge is initiated at one end. The radial motion of the cylinder 
wall is measured at about 8 in. (200 mm) from the initiated end using a streak 
camera. The camera records are reduced to provide detailed radius-time 
information. 

The kinetic energy imparted to a copper wall in a given geometry leads to 
a simple way of expressing the performance of the explosive. In this range of 
the mass ratio of explosive to metal, two extreme geometric arrangements are 
considered for transfer of explosive energy to adjacent metal: l) detonation 
that is normal or head-on to the metal and (2) detonation that is tangential 
or sideways to the metal. The effective explosive energy frequently differs 
for the two cases, even on a relative basis, because of the effects of the 
equations of state of the detonation products. 

The cylinder test provides a measure of the relative effective explosive 
energy for detonations in both head-on and tangential geometries. The 
radial-wall velocity at 5-6 mm wall displacement, expressed as volume ratio 
V = “ 2, indicates the exp’osive energy of head-on detonation. The 

radial-wall velocity at 19 mm displacement, where V/V^ a 7, indicates 
energy in tangential geometry. 

Table 8-6 lists the specific wall kinetic energies at 6 and 19 mm wall 
displacement; terminal wall velocities at breakup are about 7-10% higher. 

About 50% of the detonation energy is transferred to the cylinder wall. 
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Table 8-6. Cylinder tests. 


Explosive 

DensitVi p 

E - 
cyl 

(mm/us)^ 

2 

(MJ/kg) 

Ref. 

[g/cm^ (Mg/m^)] 

Head on 
(6 mm) 

Ton^^ential 

19 

BTF 

1.859 

1.305 

1.680 

30 

Comp A-3 

1.59 


_1.20 

30 

Comp B, Grade A 

1.717 

1.035 

1.330 

30 

Comp B-3 

1.728 

1.01 

1.322 

30 

Comp C-it 

1.601 

0.962 

1.258 

30 

Cyclotol 77/23 

I.75I+ 

l.li*0 

1.1*1*5 

30 

H-6 

1.76 

0.769 

1.066 

30 

ilMX 

I.89U 

1.1*10 

1.745 

30 

LX-0l<~l 

1.865 

1.170 

1.1*70 

30 

LX-07-1 

1.857 

1.250 

1.575 

30 

I,X-09-0 

1.836 

1.320 

1.675 

30 

LX-10 

1.862 

1.315 

1.670 

30 

LX-11 

1.876 

1.105 

1.360 

30 

LX-13 (See XTX-8003) 





LX-llt 

1.835 

0.985 

I.61I+ 

30 

LX-15 

1.58 

0.700 

0.929 

30 

LX-17 

1.908 

0.87 

1.07 

30 

KM 

l.Ht^ 

0.560 

0.745 

30 

Octol 78/22 

1.813 

1.215 

1.535 

30 

PBX-9010 

1.788 

1.160 

1.470 

30 

PBX-9011 

1.777 

1.120 

1.415 

30 

PBX-9U0U 

1.81*3 

1.295 

1.620 

30 

PBX-9501 

1.831* 

1.177 

1.577 

21 

PBX-9502 

1.889 

0.81*5 

1.037 

96 

Pentolite 50/50 

1.696 

0.960 

1.260 

30 

PETN 

1.765 

1.255 

1.575 

30 

RDX 

1.80 


.1.60 

30 

TATB 

1.851* 

O.87I* 

1.079 

30 

TNT 

1.630 

0.735 

0.975 

30 

XTX-8003 

1.551* 

0.710 

0.950 

30 


density at 11-15°C (28U-288 K). 
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8.3.1. Equation of stale 


The Jones-Wilkins-Lee (JWL) equation of state has been used to describe 
accurately the pressure-volume-energy behavior of the. detonation products of 
explosives in applications involving metal acceleration. All values are valid 
only for large charges.The equation for pressure P is: 



and that for P , pressure as a function of volume at constant entropy (i.e., 
s 

the isentrope), is: 


Ae 


-RfV 


+ Be 


-R2V 


+ CV 


-(uj+1) 


where 

A, B, and C = linear coefficients in Mbar (GPa), 

Rp R 2 , and w = nonlinear coefficients, 

V “ volume of detonation products/volume of undetonatcd 

HE, 

P and P a pressure in Mbar (GPa), 

® 3 3 

E =» the detonation energy per unit volume in (Mbar-cm )/cm 

[(GPa-m^)/m^]. 

Table 8-7 lists equation-of-state parameters. For some explosives, the 

coefficients were determined by rigorously comparing values calculated using 

the equation with experimental C-J conditions, calorimetric data, and 

expansion behavior (usually cylinder-test data). These explosives are listed 

in Table 8-7 without additional notation. If only limited data were 

available, the coefficients were estimated; for these HEs, the estimated 

parameters are listed as noted. The best estimates are those for which 

cylinder-test data were available. In many instances, P was estimated by 

0 J 

assuming that 2.7 < r < 2.8, where F is the adiabatic coefficient of 

expansion; F - (aln P/Sln V)^ at the Chapman-Jouguet plane. If the 

data were extremely limited, estimates were made using TIGER code calculations 
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Table 8-7 


Equation-of-state parameters 


a 


C-J parameters _ _Eguat i.on-of-state parameters 


"o 

p 

D 

^0 

r 

A 

E 

C 


Explosive 

(g/CTTl 

(Mg/n>^)l 

[Mbar 

(100 GPa)) 

(cm/nsec 
(10 * k.m/s)l 

3 3 

(Mbar-CJs /cm 

(100 GPa-m'/m^)! 


iHbar (100 ( 

S?a)l 

R. 

L 

**2 

u 

Ref 

BTF® 

1.859 

0.360^’ 

0.848 

0.1150 

2.717 

8.407 

0.14960 

0.01368 

4.60 

1.20 

0.30 

58 

Comp A-3^ 

1.65 

0.300 

0.83 

0.089 

2.79 

6.113 

0.1065 

0.0108 

4.4 

1.2 

0.32 

59 

Comp B, Grade A 

1.717 

0.295 

0.798 

0.0850 

2.706 

5.242 

0.07678 

0.01082 

4.20 

1.10 

0.34 

58 

Comp C-A 

1.601 

0.280 

0.8193 

0.090 

2.838 

6.0977 

0.1295 

0.01043 

4.5 

1.4 

0.25 

60 

Cyclotol 77/25 

1.75A 

0.320 

0.825 

0.0920*’ 

2.731 

6.034 

0.09924 

0,01075 

4.30 

1.10 

0.35 

58 

DIPAM® 

1.550 

0,180*’ 

0,670 

0.0620*’ 

2.842 

4.254 

0.08007 

0.01175 

4.70 

1.30 

0.39 

58 

el-soba"* 

1.480 

0.205*’ 

0.720 

0.0700*’ 

2.752 

3.738 

0.03647 

0,01138 

4.20 

1.10 

o.;o 

58 

EL-506C® 

1,480 

0.195*’ 

0.700 

0.0620*’ 

2.719 

3.490 

0.04524 

0.00854 

4.10 

1.20 

0.30 

58 

Explosive D® 

1.42 

0.160 

0.65 

0.054 

2.75 

3.007 

0.0394 

0.0100 

4.3 

1.2 

0.35 

59 

FEFO® 

1.590 

0.250 

0.750 

0.0800 

2.578 

3.824 

0.06635 

0.01444 

4.10 

1.20 

0.38 

45 


1.76 

0.240 

0.747 

0.193 

3.092 

7.5807 

0.08513 

0.01143 

4.9 

1.1 

0.20 

70 

HMX 

1.891 

0.420*’ 

0.911 

0.1050 

2.740 

7.783 

0.07071 

0.00643 

4.20 

1.00 

0.30 

58 

HNS 

1.00 

0.075 

0.510 

0.041 

2.468 

1.627 

0.1082 

0,006580 

5.4 

1.8 

0.25 

46 

HNS 

1.40 

0.145 

0.634 

0.060 

2.881 

3.665 

0.06750 

C.C1163 

4.8 

1.40 

0.32 

46 

HNS 

1.65 

0.215 

0.703 

0.0745 

2.804 

4.631 

0.08873 

0.01349 

4.55 

1.35 

0.35 

46 

LX-01® 

1.230 

0.155 

0.634 

0.0610*’ 

2.711 

3.110 

0.04761 

0.01039 

4.50 

1.00 

0.35 

58 

LX-OA-1 

1.865 

0.340 

0.847 

0.0950 

2.935 

8.364 

0.1298 

0.01471 

4.62 

1.25 

0.42 

62 

LX-07 

1.865 

0.355 

0.864 

0.1000 

2.922 

8.710 

0.1390 

C.00891 

4.60 

1.15 

0.30 

62 

LX-09-1 

1.84 

0.375 

0.884 

0.105 

2.834 

8.481 

0.1710 

0.01308 

4.58 

1.25 

0.40 

62 

LX-10-1 

1.865 

0.375 

0.882 

0.104 

2.868 

8.807 

0.1836 

0.01296 

4.62 

1.32 

0.38 

62 

LX-11 

1.875 

0.33C 

0.832 

0.0900** 

2.868 

7.791 

0.10668 

C.00885 

4.50 

1.15 

0.30 

61 

LX-13 (See XTX- 

8003) 












LX-lA-0 

1.835 

0,370 

0.88 

0.102 

2.841 

8.261 

0.1724 

0.01296 

4.55 

1.32 

0.38 

62 

LX-17-0 

1.900 

0.300 

0.7600 

0.0690 

2.658 

4.46 

0.01339 

0.01306 

3.85 

1.03 

0.46 

92 

NM 

1.128 

0.125 

0.628 

0.0510 

2.559 

2.092 

0.05689 

0.00770 

4.40 

1.20 

0.30 

58 

Cctol 78/22 

1.821 

0.342 

0.848 

C.0960*’ 

2.830 

7.486 

0.13380 

0.01167 

4.50 

1.20 

0.38 

58 
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Table 8-7. Equation-of-state parameters.® (Continued) 


Explosive 


C- 

-J parameters 



Equation-of-state 

parameters 


Ref. 

‘'o 

r 

D 

^0 

r 

A 

£ 

C 


«2 

(0 

[ g/cm^ 
(Mg/m^) 

{hbar {cm/psec (Hbar-cir?/cn)'* 

J (100 GPa)l (lO"^ km/s)J (100 GPa-in^/m^)J 

iMbar (100 GPa)] 

*^1 

PBX-9010 

1.787 

0.340 

0.839 

0.0900 

2.700 

5.814 

0.06801 

0.00234 

4.10 

1.00 

0.35 

58 

P3X-9011 

1.777 

0,340 

0,850 

0.0890*’ 

2.776 

6.347 

0.07998 

0.00727 

4.20 

1.00 

0.30 

58 

PBX-9A0A-3 

1.840 

0.370 

0.880 

0.1020 

2.851 

6.524 

0.1802 

0.01207 

4.60 

1.30 

0.38 

62 

PBX-9!*07 

1.600 

0.265*’ 

0.791 

O-OSOO** 

2.513 

5.73187 

0.146390 

0.01200 

4.60 

i.4n 

0.32 

58 

Pi3X-9501 

1.840 

0.370 

0.680 

0.102tT 

2.851 

6.524 

0.1802 

C.01207 

4.55 

1.30 

0.38 

61 

PBX-9502 

1-895 

0.302 

0.771 

0.0707 

2.648 

4.603 

0.09544 

0.01343 

4.0 

1.70 

0.48 

97 

Pentolite 50/50 1.70 

0.255 

0.753 

0.031 

2.73 

5.4094 

0.093726 

0.01033 

4.5 

1.1 

0.35 

22 

PF.TN® 

0.880 

0.062 

0.517 

0.0302*’ 

2.0&8 

3.486 

0.11288 

0.00941 

7.00 

2.00 

0.24 

58 

PETN 

1-260 

0.140 

0.654 

C-OllO** 

2.831 

5.731 

0.20160 

0.01267 

6.00 

1.80 

0.28 

58 


1.500 

0.220 

0.745 

0.0856*’ 

2.788 

6.253 

0.23290 

0.01152 

5.25 

1.60 

0.28 

58 


1.770 

0.335 

0.830 

O 

o 

d 

2.640 

6.170 

0.16926 

0.00699 

4.4C 

1.20 

0.25 

58 

TetryL 

1.730 

0.285 

0.791 

0.0820 

2.798 

5.868 

0.10671 

0.00774 

4.40 

1.20 

0,18 

58 

TNT 

1.630 

0.210 

0.693 

0.07 

2.727 

3.712 

0.03231 

0.01045 

4.15 

0.95 

C.30 

58 


^ Cyli.nder data are not available- 
^ Estimated quantities. 

This is a composite rfE with non-ideal behavior. 


8.3 


Detonation energy 


63 

Detonation energies (as measured by metal acceleration in the 
cylinder test) of formulations containing mostly HMX can be correlated with 
the volutCi- fraction of additives by a simple linear relationship: 


"■\«x 

where 

E = detonation energy per unit volume of a formulation at its loaded 
density. 

E - detonation energy per unit volume of pure at its TMD of 1.90 
uMa 3 3 2 

g/cm (Mg/m ). The reference value is (wall velocity) at 

19 mm displacement in the cylinder test, corrected to TMD. The 

corrected wall velocity is 1.872 mm/psec (km/s). 

= characteristic energy decrement for each diluent. 

V, = volume fraction of each additive. 


The energy decrement for a fixed combination of two or more ingredients is 
readily computed as; 


y^s.v. 

1 X 

Ev , 


and V, = 


Evi. 


(8-2) 


where the subscript b denotes the fixed combination. The quantity 
for the combination becomes one of the terms in Eq. (8-1). An term 

for air or void takes account of porosity in the actual explosive. A 
convenient form of Eq. (8-1) gives relative energy as a percentage of HMX 
energy, and as a function of the volume percent, of additives; 


'Rel% 


lOQE 

^HMX 


= 100 


-E®i''u • 


(8-3) 


The characteristic energy decrement can be recognized as a percent energy 
degradation from pure HMX for each volume percent of the additive. The 
values for a number of additives are given in Table 8-8. Neither the 
applicable range of composition nor the exact linearity of Eq. (8-1) has been 
tested, but all formulations contained at least 70 wt% HMX. 
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Table 8-8. Characteristic energy decrement from pure HMX for additives 
to HMX. 


Additive 

S. 

Additive 

S . 


(E„ ,.7V.) 

Rel% 1 

AFNOL 

0.75 

FEFO 

0.3 

Air 

1.3 

Graphite 

1.3 

BEAF 

0.75 

HNS® 

0.5 

BDNPA 

0.75 

Kel-F 

1.0 

BDNPA-F 50/50 

0.75 

NC 

0.75 

BDNPF 

0.75 

NG® 

0.3 

CAB 

1.3 

Nitrosorubber 

0.75 

CEF 

1.3 

NONA® 

0.5 

DATE® 

0.5 

Polyethylene 

1.3 

DFTNB 

0.25 

Sylgard 

1.3 

DIPAM® 

0.5 

TACOT® 

0.5 

DNPA 

0.75 . 

TATB® 

0.5 

DNPN 

0.75 

Teflon 

1.0 

EDNP 

0,75 

TNT 

0.5 

Estane 

1.3 

Viton 

1.0 

Exon (polyvinyl chloride/ 


Void 

1.3 

polyvinyl alcohol 85/15) 

1.0 

Wax 

1.3 


® Materials were not actually tested; values were estimated with the TIGER 
code. 
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8.4. GURNEY METHOD 


R. W. Gurney^^*^' devised a simple model that permits estimation of the 

velocity of metal driven by a detonating explosive. The method assumes that 

1) on detonation, a given explosive liberates a fixed amount of specific 

energy (E) that is converted to kinetic energy partitioned between the driven 

metal and the product gases, and 2) the velocity profile in the product gases 

is linear in material coordinates. For symmetric geometries, an energy 

balance then indicates that the terminal metal velocity (V ) is a function 

M 

of the ratio of the metal mass M to the explosive charge mass C. For 
asymmetric geometries, a momentum balance must be solved simultaneously. The 
Gurney characteristic velocity for a given explosive is V2E. A solution for 
the acceleration of flat plates has been worked out as a function of plate 
displacement by making a further assumption: an ideal gas equation of state 
describes the behavior of the detonation product gas. 

The Gurney velocities for simple geometries are summarized below: 


Symmetric sandwich : “ V2E 


- 1/2 


M 


(l 

(A + 1) - A 

-B/p| 


-1 

_t 

I 


Sphere : v„ . V2E (§ . i) 


- 1/2 


Cylindrical tube : 


- 1/2 


where 


M/C « [(OD/ID) -D] p^/p^, , 

X = position of product gas/metal iiiterface. 


initial thickness of explosive, which equals the initial value of X,,, 


M 

A = (2M/C + 1)/(2N/C +1), 

N ™ mass of tamper plate (on explosive surface opposite plate M); N 
may assume any value, 

Y = polytropic exponent of ideal (product) gas, 

^ _ N *2 . M . 1 /I + A^\ 

" -c^ "c"iVrT^j> 


M r(A + 1)■ 
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The efficiency e for converting chemical energy to kinetic energy of 
plate M may be written as: 


e 


CE 



Two other correlations for estimating Gurney velocities are based on 
Kamilet and Jacob's characteristic value ^ (see Section 8.1.2.) used to 
estimate detonation velocities. The equations are; 

_ 

V2E “ 0.6 + 0.54 "VI.AA^Pq , developed by Hardesty and Kennedy. 

V2E “ 0.887 I developed by Kamlet and Finger. 

Table 8-9 gives two Gurney constants, one used for warheads in which 
confining cases rupture at small expansions (prompt) and the other for 
warheads in which more ductile case materials expand further before rupturing 
(terminal). 
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Table 8-9. Gurney .values ( "VrE) 


Explosive 

Density, p 

VZE at cylinder expansion^ 
prompt terminal 

(5-7 mm) (19-26 mm) 

[rnm/visec (km/s)] 

Ref. 

[g/cm^ (Mg/m^)] 

Comp A-3 

1.61 

2.402 


68 


1.59 


2.63 

69 

Comp B 

1.71 


2.70 

69 


1.717 

2.350 

2.756-2.821 

68 


1.717 


2.71 

66 

(cast) 

1.68 

2.402 


68 


1.62 

2.32 


68 

(pressed) 

1.59 

2.335 


68 

Comp C 

1.52 

2.176 


68 

Comp C-3 

1.60 


2.68 

71 

Cyclotol 75/25 

1.754 


2.79 

66 

(cast) 

1.69 

2.286 


68 

(pressed) 

1.64 

2.362 


68 

DATE 

1.68 

1.975 


68 

Explosive D 

1.50 

1.942 


68 

H-6 

1.71 

2.350 


68 

(25.4-mm diam) 

1.76 

2.000 

2.433-2.517 

70 

(50.8-mm diam) 

1.76 

2.035 

2.519-2.636 

70 

HBX-1 

1.70 

2.213 


68 

HEX-3 

1.81 

1.984 


68 

HMX 

1.89 


2.97 

66 

LX-14 



2.80 

69 

Minol-2 

1.68 

1.789 


68 

NM 

1.14 


2.41 

66 

NQ 

1.44 

1.896 


68 

Octol 75/25 

1.81 


2.80 

69 


1.821 


2.83 

66 
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Table 8-9. Gurney values (VTe). (Continued) 


Explosive 


Density, p 
[g/cin^ (Mg/m^)] 


V?E at cylinder expansion ^ 
prompt terminal 

(5-7 mm) (19-26 mm) 

[mm/psuc (km/s)] Ref. 


PBX-9011 


2.82 


69 

PBX-9404 

1.84 


2.90 

71 

PBX-9502 

1.885 


2.377 

69 

Pentolite 50/50 





(cast) 

1.64 

2.,301 


68 

(pressed) 

1.57 

2.317 


68 

PETN 

1.76 


2.93 

66 

RDX 

1.59 

2.451 


63 


1.77 


2.93 

66 

TACOT 

1.61 


2.12 

71 

Tetryl 

1.63 

2.274 


68 


1.62 


2.50 

66 

TNI' 

1.630 

2.039 

2.419-2.505 

70 


1.63 


2.37 

66 

(cast) 

1.61 

2.097 


68 

(pressed) 

1.54 

2.103 


68 

The number in 

the second decimal place is 

the last 

significant figure. 






8.5. CRITICAL DIAMETER 


Critical diameter, also called failure diameter, is the minimum diameter 
at which a cylindrical charge of HE sustains a high-order steady-state 
detonation. This critical diameter (d^) is affected by changes in 
confinement, density, particle size, and initial temperature of the sample. 
The addition of wax to HMX and RDX (i.e., coating the grains) affects the 
critical diameter only slightly. The failure diameters of various explosives 
are given in Table 8-10. Critical diameters as a function of temperature are 
shown in Figs. 8-2 and 8-3 for NG and liquid TNT. 


Table 8-10. Critical diameter (d ). 

c 


Density, p 

Critical diam (d ) 
c 


Explosive Ig/ 

cm (Mg/m )] 

(mm) 

Conditions 

Ref, 

Amatol 80/20 

— 

80 


47 

(cast) 

A.N 

low-density 

«100 

Confined in steel tube. 

72 


•wo.gs 

-vn.y 

Encased in paper tube, 

3 

(pressed) 

1.4 

no detonation 

poor reproducibility, 
lOO-mm-diam charge 

73 


1.61 

no detonation 

confined in glass tubing. 

36.5-mm-diam charge 

73 

AP (particle 

0,8-1.0 

14 

confined in 11-mnr 
thick steel tube. 

74 

size 5p; sifted 

1.1 

23 at 20'’C 

Charge length is 8-10 

75 

through nylon 
mesh having 

1.1 

12 at 200'’G 

times the diam. 

Charge length is 8-10 

75 

70+10p openings) 

1.2 

'V.28 at 20*0 

tiroes the diam. 

In Cellophane tube. 

75 

(poured, 200p) 

1.29 

>76.2 

203-inm-long charge. 

34 

(pre'-aed, lOp) 

1.56 

76.2 

203-mm-long charge. 

34 

Earat.ol (cast) 

2.619 

43.2 

Unconfined. 

20 

Black powder 


«100 

Confined in steel tube. 

72 

(low-density) 

Comp A-3 

1.63 

<2.2 

- 

95 

(pressed) 
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(ConLinued) 


Table 8-10. Critical diameter (d ). 

, c 


Density, p 

'i 

Critical diam 

(d ) 
c 


Explosive Lg/ 

cm (Mg/m )] 

(mm) 

Condit ions 

Ref 

Comp B 36/63/1 

1.70 

4.28 

Unconfined. 

20 

(cast) 

Comp B-3 


3.73-4.24 

Unconfined. 

76 

(cast) 


<v.3.18 

^.2.54 

Encased in Plexiglas tube. 
Confined in steel tube. 

76 

76 

Comp C~4 

1.U3-1.56 

3.81<dc<5.08 

Confined, 

77 

Cyclotol 77/23 

1,740 

6.0 

Unconfined. 

20 

(cast) 

DATE 

1.800 

5.3 

Unconfined. 

78 

Explosive D 

1.65 

<25.4 

Unconfined. 

93 

FEFO 


<3.43 

Confined in 3.18-mnr-thick 
102”mm-Tong steel tube. 

76 

HXB-L (pressed) 

1.72 

6.35 

Unronfined. 

10 

(case) 

1.72 

>6.35 


10 

UMX/Wax 90/10 

1.10 

6,0<dc<7.0 

_ 

79 

78/22 

1.28 

7.0<dc<8.0 

- 

79 

70/30 

1.42 

8.0<dc<9.0 

- 

79 

Lead a»ide 

3.14 

0.4-0.6 

- 

80 

NM 

1.128 

2.86 

Encased in 3.18-mnrthick 
brass tube. 

20 


1.127 

<3 

Encased in l2,7-mm-diara 
6.4-mm-long pellet. 

81 


1.127 

>11.76 

Unconfined at ■v25“C. 

81 


1.128 

16.2 

Encased in 22-miir'ID 

Pyrex tube at 24.5®C. 

39 


1.128 

36 

Encased in 16.3-mm-ID 
glass tube at -24‘’C. 

38 


1.128 

28 

Encased in 16.3-mnrID 
glass tube at -d^C. 

38 


1.128 

20 

Encased in 16.3-nm-ID 
glass tube at 12®C. 

38 


1.128 

14 

Encased in 16.3-mnrID 
glass tube at 34®C. 

38 


1.128 

27 

Encased in 0.25-mra-thick- 
walled paper tube at 
18-22“C. 

50 
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(Continued) 


Table 8-10. Critical diameter (d ). 

c 


Density, p 

0 0 

Critical diam (d ) 
c 


Explosive [g/ 

cm (Mg/m )] 

(mm) 

Condit ions 

Ref. 

NQ 

1.52 

1.27<dc<1.43 

- 

36 

Octol 75/25 

1.814 

<6.4 

Unconfined. 

20 

(cast) 

PBX-9404 

- 

'v-1.02 

Encased in Plexiglas 
or steel tubes. 

76 


1.846 

00 

• 

e 

Unconfined. 

20,39 

PBX-9501 

1.832 

<1.52 

Unconfined. 

20 

PBX-9502 

1.893 

10<dc<12 

At -55“C. 

82 


1,894 

8<dc<10 

At 24“C. 

82 


1.895 

9 

Unconfined. 

20 

PBX-9503 

1.897 

4<dc< 6 

- 

21 

Pentolite 50/50 


6.7 

Unconf iiied. 

83 

(cast) 

PETN (powder) 

0,4-0.7 

>0.3 

Encased in 0.05-mnrthick 
cellophane casing. 

84 

(single crystal)- 

8.38 <d^<19 

6.4 x 11.1-mm rod. 

72 

Picric acid 

0.9 

5.20 

- 

05 

RDX 

0.9 

5.20 

- 

85 

RDX/TNT 100/0 

1.0 

3 

- 

74 

90/10 

1.0 

3.5 

- 

74 

80/20 

1.0 

3.75 

- 

74 

70/30 

1,0 

4.25 

- 

74 

50/50 

1.0 

5.25 

- 

74 

40/60 

1.0 

5,75 

- 

74 

20/80 

1.0 

7.0 

- 

74 

10/90 

1.0 

7.5 

- 

74 

0/100 

1.0 

7.5 

— 

74 

RDX/Wax 95/5 

1.05 

4.0<dc<5.0 '1 


79 

90/10 

1.10 

4.0<dc<5.0 1 

Encased in cellophane 

79 

80/20 

1.25 

3.8<dc<5.0 1 

shells with D:L = 1 : >10 

79 

72/28 

1.39 

3.8<dc<5.0 J 


79 

TACOT 

1.45 

3 

Unconfined. 

86 

TATB (60y) 

1.6-1.7 

6.35<dr<9.53 


87 

(20 ij) 

1.6-1.7 

<6.3‘B 


87 



Table 8 - 10 . 


(Continued) 


Critical diameter (d ). 

c 

Densityj p Critical diam (d ) 

3 3 

Explosive [r/ciii (Mg/ra )] (mm) Conditions Ref. 


TNT (cast)'^ 

1.70 

9 

Encased in 0 . 2 -mm paper 
T== 77.4 K. 

88 


1.71 

11 

Encased in 0 . 2 -mm paper 
T= 20.4 K. 

88 


1.62 

15 

Encased in 0 . 2 -mm paper 
T =291 K. 

88 

(powder) 

1.61 

7 

Encased in 0 . 2 -mm paper 
T =290 K after one temp 
cycle to 77 K. 

88 

0.5-0.8 

7.5 

Encased in 0 . 05 -nim-thick 
cellophane casing. 

84 


1.0 

6 

Encased in glass tube 
T=20OC. 

89 

( 84 ^ 0.5 iDifi , 

0.95 

22.52 


85 

l6^ 0.1 mm) 

(cast) 

1.6 

27.43 


85 

(cast, poured as 
cloudy sluriy) ^ 

1.615 

22 . 0 <d^< 25.4 

Unconfined. 

23 

(cast, creamed)^ 

1.605 

12.6=: d <16.6 

Unconfined. 

23 

(cast) 

1.62 

14.5 ° 

Unconfined 

20 

(cast, poured 

1.625 

> 31.7 

Unconfined 

23 

clear at 368 K) 

(liquid) 

1.443 

62.6 

30 < d^< 32.5 

Encased in 2 . 54 -mm-thick 
glass tube. 

Encased in 70 -mm-diaDi by 
510-ram-long l^*ex tube 
T= 100 °C. 

20,39 

26 

XTX -8003 

1.53 

0.36 

Encased in polycarbonate 

20 


'^ 1.53 

> 0.39 

at 2-mm diam. 

27 

XTX- 8 jo 4 

'^ 1.53 

a.!. 4 

Encased in polycarbonate 

27 


1.553 

1.78 

at 2-ram diaan. 

90 


^ 5 - 10 ^ finely divided picric acid added to TNT melt before casting. 
10 ^ finely divided TNT added to slurry melt before casting. 
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Fig. 8-2. Critical diameter cf nitroglycerine 

r- • r- RO 

as a function of temperature.®^ 


Temperature — “C 


Fig. 8-3. Critical diameter of liquid TNT as 
a function of temperature.®^ 
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9. INITIATION AND SENSITIVITY 


Several tests have been designed tc evaluate the sensitivity of HEs to 
different kinds of impact under different conditions. This section treats 
sensitivity of explosives in some detail in describing drop-weight impact, 
Susan, skid, and gap tests. The sensitivity of liquid explosives can be 
assessed by determining their low-velocity detonation (LVD) and high-velocity 
detonation (HVD) characteristics. Some critical energies for shock initiation 
and run distances to detonation are also given in this section. 

9.1. DROP-WEIGHT TEST 

The drop-weight machine, or drop hammer, offers one means of evaluating 
impact sensitivity. In the test, a 2.5- or 5-kg weight is dropped from a 
pre-set height onto a small sample of explosive (about 35-mg). A series of 
drops is made from different iieiglits, and explosion or nonexplosion is 
recorded. Tne criterion for "explosion" is an arbitrarily set level of sound 
produced by the explosive on impact. The test results are summarized as 

the height in m at which the probability of explosion is 50%. 

Values in Table 9-1 were determined on a machine patterned after the one 
designed at the Explosives Division, Atomic Weapons Research Establishment 
(AWEIE), during World War H. Because of the extremely complicated process 
involved in initiation by impact, these drop-hammer data serve only as 
approximate indications of sensitivity. The values are quite dependent 
on the anvil surface. Two surfaces are usually used: sandpaper (Type 12 
tooling) and roughened steel (Type 12B tooling). 

In general, values below 0.25 m usually indicate relative sensitivity to 
impact. Values between 0.25 to 0.70 m indicate a material of moderate 
sen s itivity that possibly can be handled in accordance with standard 
procedures. Values /oove 0.7U m usually indicate relative insensitivity to 
impact. The maximum drop heights of the LLNL and LANL drop weight apparatus 
are 1.77 and 3.20 m, respectively. 

The indications of sensitivity given by the drop-hammer test are always 
verified by large-scale testing before any material is handled in large 
quantities. (These tests are described below.) 
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Table 9-1. Drop-weight impact tests 


Explosive 

5-kg 

• . a 

weight 

2.5-kg 

b 

weight 

Type 12 
tooling 

Type 12B 
tooling 

Type 12 
tooling 

Type 12 b 
tooling 

AN 

— 

— 

1.36 

>3.20 

Baratol 

0,95 

— 

0.68-1.4 

0.98-1.8 

Boracitol 

>1.77 

— 

>3.20 

>3.20 

BTPC 

0.11 


^.0.21 


(fluffy powder) 

— 

— 

2.27 

— 

(long needles) 

— 


1.38 

'v-0.59 

Comp A-3 

— 

— 

0.81 

2.45 

Comp A-4 

— 

— 

0.37 

1.12 

Comp B 

0.45 

— 

0.49-0.85 

0.98-3.0 

Comp B-3 

0.29 

0.65 

0.4-0.8 

0.69-1,2 

Comp C 

— 

— 

0.42 

0.36 

Cyclotol 75/25 

0.33 

— 

0.47 

1.14 

DATE 

>1.77 

>1,77 

>3.20 

>3.20 

DIPAM 

0.95 

— 

0.85 

0.96 

DNPA 

>1.77 

— 

— 

— 

EDNP<1 

>1.77 

— 

— 

— 

EL-5G6A 

0.22 

— 

— 

— 

EL-506C 

0.56 

— 

— 

— 

Explosive D 

— 

— 

1.36 

>3.20 

FEFOd 

0.28 

— 

0.60 

— 

H-6 

0.60 

— 

— 

— 


0.33 

0.40 

0.32 

0.30 

HNAB 



0.37 

0.32 
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Table 9-1. Drop-weight impact tests (Continued) 



5-kg 

. a 

weight 

2.5-kg 

• 1 .b 
weight 

Explosive 

Type 12 
tooling 

Type 12B 
tooling 

Type 12 
tooling 

Type 12B 
tooling 

HMS 

— 

— 

0.54 

0.66 

LX-02-1 

0.80 

— 

— 

— 

LX-04-1 

0.41 

0.55 

— 

— 

LX-07-2 

0.38 

— — 

— 

— 

LX-09-0 

0.32 

— 

— 

— 

LX-lO-Qd 

0.35 

— 

0.40 

— 

LX-10-1 

— 

— 

— 

0.35 

LX-11-0 

0.59 

— 

— 

— 

LX-13 (See XTX-8003) 





LX-14-Od 

— 

— 

0.53 

0.51 

LX-15d 

— 

— 

0.83 

— 

LX-16 

0.18 

— 

— 

— 

LX-17-0 

— 

— 

>1.77 

— 

NC (11.8-12.2% N) 

— 

— 

0.50 

0.57 

NGd 

— 

— 

0.20 

— 

NM (Liquid) 

— 

— 

>3.20 

— 

NQ 

>1.77 

— 

>3.20 

>3.20 

Octol 

0.41 

— 

0.35-0.52 

0.49-2.7 

PBX-9007 

0.35 

0.28 

0.39 

. 

PBX-9010 

0.30 

0.45 

0.31-0.41 

0.31-0.9 2 

PCX-9011 

0.44 

0.98 

0.45-0.89 

0.53-0.98 

PBX-9205 

0.42 

0.36 

0.44-0.60 

0.48-0.56 
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9.2. SUSAN TEST 


I 










The Susan test is a projectile impact test designed to assess the 
relative sensitivity of an explosive under field conditions of impact. An 
explosive test sample weighing about 0.9 lb (0.4 kg) is loaded into a Mod I 
Susan projectile (Fig. 9-1) and gunfired at the desired velocity at an 
armor-plate target. The resulting overpressure from the impact-induced 
reaction is measured using four pressure gauges about 10 ft (3 m) from the 
point of impact. To show the results graphically, the equivalent grams of TNT 
(the amount of TNT required to give the observed overpressure if detonated in 
the Susan :.est geometry) is plotted as a function of projectile velocity. 

The "relative energy" values quoted in the earlier editions of this 
handbook (UGRL-51319 Rev. 1) cannot be translated to equivalent grams of TNT 
by simple arithmetic conversion (i.e., if a relative energy of 10 is 
equivalent to 54 g of TNT, a relative energy of 20 is equivalent to 85 g of 
TNT on the new scale—not to 108 g). 

On the figures in this section, the explosive yield ranges from 0 to 
340 g of detonated TNT. The 340-g value is arbitrarily set as the maximum 
Susan test reaction level, even though a larger value might be measured. 
Detonations rarely occur in the Susan test, but variations in sample geometry 
(shape) at the time of maximum-level events give variable calculated maximum 
yields. 


Leather cup sea 



Fig. 9-1. Scaled drawing of the Susan projectile. The high explosive head is 
4 in. long and 2 in. in diameter (0.102 m x 0.051 m). 
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Test results are summarized in Figs 9-2 through 9-6. Figure 9-2 shows 
the HEs that proved most sensitive in the'Susan test, followed by the HE 
groups having high and low intermediate sensitivities (Figs. 9-3 and 9-4, 
respectively). The relatively insensitive explosives are grouped in Fig. 9-5, 
and the IHE (also called "wooden" explosives) are grouped in Fig. 9-6; all 
sensit .vities are ranked in response to the Susan projectile impact test. The 
responses of LX-04-1, an HE of moderate sensitivity in this test, are plotted 
separately in Fig. 9-7 because many tests have been fired on this material. 

The relatively insensitive explosives, whose Susan test sensitivities are 
shown graphically in Fig. 9-5, can be divided into those having moderately low 
sensitivity that are used as main-charge HEs (H-6, Comp A-3) and those with 
low sensitivity that are useful as bomb loadings. 

The following subsections supply details of the impact process pertinent 
to the r’mpact safety of an explosive. Remarks about probabilities of large 
reactions are relevant to unconfined charges in the 25-lb (11-kg) class. 
Smaller unconfined charges show a trend of decreasing reaction level as the 
charge size decreases. References to the "pinch" stage of impact refer to the 
terminal stage of the test when the nose cap has completely split open 
longitudinally and Vias peeled back to the steel projectile body, which is 
rapidly brought to a halt. 
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Fig. 9-5. Explosives showing relatively low sensitivity in the Susan test. 
Conversion factor: 1 ft/sec = 0.3048 m/s. 
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9.2.1. Cotnp A-3 


Comp A-3 has shown only minor reactions in the Susan test at impact 
velocities between 275 and 640 ft/sec (84 and 195 m/s) (Fig. 9-5). Three 
impacts at nearly 200 ft/sec (61 m/s) resulted in no detectable reaction. 

This low-velocity behavior is very similar to that of TNT. On the other hand, 
the response at higher impact velocities is generally greater than that of TNT 
for the same velocity, and there is occasionally a quite violent reaction. 

Not enough experimental data is available to determine with certainty if the 
higher-density Comp A-3 is more likely to give a violent reaction than the 
lower-density Comp A-3, although it appears that this may be so. Comp A-3 
should be considered difficult to ignite by mechanical means; any reaction 
from such an ignition has a low probability of building to violent levels 
where there is relatively little confinement. 

9.2.2. Comp B-3 

Comp B-3 (RDX/TNT 60/40) behaves reasonably wel1 in the Susan test 
(Fig. 9-4). Ignition is observed only after extensive splitting and 
deformation of the projectile nosecap, and it occurs more or less at the 
beginning of the pinch stage of impact. This results in a threshold velocity 
of about 180 ft/sec (55 la/s). The reaction level is quite dependent on impact 
velocity; it never rises to its full potential even at an impact velocity of 
1500 ft/sec (457 m/s). Any reaction enhancement appears quite soon after 
initial ignition. Comp B-3 should be considered as generally rather difficult 
to ignite by mechanical means and as having a low probability for violent 
reaction once ignited, provided the relative confinement is rather low. It 
has given substantially larger reactions in the Mod-IA projectile than in the 
standard Mod I; the important difference between the two projectiles appears 
to be the exceptionally straight flight of the Mod-IA, which results in higher 
pressures on the explosive and more effective confinement. Comp B-3 has been 
observed to detonate in impact geometries where there was good inertial 
confinement at the time of ignition and where the impact subjected it to 
mechanical work. 
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9.2.3. Cyclotol 75/25 


Cyclotol 15/25 (RDX/TNT 75/2.5) has bof.h good and bad properties, as 
measured by the Susan test (Fig. 9-3). The threshold velocity for reaction is 
probably about 180 ft/sec (55 m/s), which is rather typical of the TNT-bonded 
cast explosives and higher than most plastic-bonded explosives. On the other 
hand, reaction levels generally are moderately high at relatively low 
velocities and on occasion are considerably higher. Cyclotol 75/25 should be 
considered as generally rather difficult to ignite by mechanical means but 
capable of a large reaction once ignited. Note that a very low drop height 
was sufficient for ignition in the 14-deg (0.24-rad) skid test (Table 9-2). 

9.2.4. Explosive D 

Explosive D has shown no undesirable properties in the Susan test. It 
may be somewhat less reactive than TNT, but the number of experiments is too 
limited to be certain (Fig. 9-5). Explosive D sliould be considered very 
difficult to ignite accidentally by mechanical means; any reaction from such 
an ignition has an extremely low probability of building to violent levels 
where there is relatively little confinement. 


9.2.5. 

H-6 behaves very much like Comp B-3 in the Susan test at the lower impact 
velocities (Fig. 9-5). At the higher velocities, the reaction levels exceed 
those of LX-04-1 and are quite violent. P- should be considered difficult to 
ignite by mechanical means; any reaction rvom such an ignition has a low 
probability of building to violent levels where there is relatively little 
confinement. 
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9.2.6. LX-04-1 


LX-04-1 (HMX/Viton 85/15) is moderately easy to ignite in the Susan test 
(Fig. 9-7), requiring an impact velocity of 140 to 150 ft/sec (43 to 46 m/s). 
At impact velocities higher than threshold, the nosecap deforms about an inch 
(25 mm) before ignition is observed. Reaction levels are dependent on impact 
velocity, rising very slowly from threshold to about 350 ft/sec (107 m/s) and 
then rising more rapidly as impact velocity increases. Thus, while LX-04-1 is 
moderately easy to ignite from mechanical impact, it has a low probability of 
building to a violent reaction or detonating from a minor ignition where there 
is little or no confinement. Note that LX-04-1 frequently has been observed 
to detonate high-order in other impact test geometries where the effective 
confinement was rather good and where the explosive was well pulverized to 
give a large surface area at the time of ignition. 

9.2.7. LX-07-2 


LX-07-2 (HMX/Viton 90/10) is intermediate in sensitivity between PBX-9404 
and LX-04-1. The threshold for reaction is about 125 ft/sec (38 m/s), and the 
reaction level, while dependent on impact velocity, becomes large at a rather 
low velocity (Fig. 9-2). Small changes in manufacturing variables can affect 
the extent of reaction in the Susan test. The LX-07-2 initially tested was a 
handmade batch that gave appreciably larger reactions than previously tested 
LX~07-type explosives. Figure 9-2 also includes the results for LX-07-2 
manufactured at the Holston Army Ammunition Plant. On the basis of the 
results of three shots, this material may be slightly less sensitive than the 
handmade batch. Thus, LX‘-07-2 has a low threshold for reaction but only a 
moderate rate of buildup to violent reaction. It appears that accidental 
mechanical ignition o'^ LX-07-2 would have a moderate probability of building 
to violent deflagration or detonation where the relative confinement is rather 
low and the expli iive mass relatively small. 
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9.2.8. LX-09-0 


LX-09-0 (HMX/pDNPA/FEFO 93/4.6/2.4) displays some very undesirable 
properties in tVie Susan test (Fig. 9-2); it is very similar to PBX-9404 in 
many respects. Ignition occurs after about 0.5-in. (13-mm) deformation of the 
projectile nosecap, which is consistent with the very low threshold velocity 
of 110 ft/sec (34 m/o). As with PBX-9404, pinch-stage enhancement of the 
reaction is observed only at impact velocities greater than about 200 ft/sec 
(51 m/s). At lower impact velocities, reactions build to violent levels with 
sufficient rapidity that no pinch-stage enhancement is observed. The reaction 
levels observed are generally quite high and independent of impact velocity. 
Thus, LX-09-0 exhibits both low-threshold velocity for reaction and rapid 
buildup to violent reaction. Any accidental mechanical ignition has a large 
probability of building to a violent deflagration or detonation. 

9.2.9. LX-10-0 

LX-10-0 (HMX/Viten 95/5) displays some very undesirable properties in the 
Susan test (Fig. 9-2). Ignition is observed after about 0.6-in. (15 mm) of 
projectile nosecap deformation, which is consistent with the low threshold 
velocity of about 120 ft/sec (37 m/s). The reaction levels observed are 
generally quite high and independent of impact velocity. The reaction buildup 
is sufficiently rapid that no pinch-stage enhancement of the reaction is 
observed at the lower velocities. LX-10-0 exhibits both a low threshold for 
reaction and an extremely rapid buildup to violent reaction. Any accidental 
mechanical ignition of LX-10-0 has a very large probability of building to 
violent deflagration or detonation. 



9.2.10. LX-11-0 


LX-11--0 (HMX/Viton 80/20) is among the least reactive of the PiJXs tested 
in the Susan test (Fig. 9-4). The threshold for reaction is probably about 
170 ft/sec (52.8 m/s), judging from the nosecap deformation of 1.8 to 1.9 in. 
(46 to 49 mm) at the time ignitions were observed for the higher velocity 
shots. Most TNT-containing cast explosives require even more deformation for 
ignition; however, the reaction level is quite dependent on impact velocity 
and is generally lower than that observed for LX-04-1, although not as low as 
that observed for Comp B-3. The rather high value of 141 g of TNT-equivalent 
yield at 612 ft/sec (187 m/s) is considered atypical and possibly resulted 
from axisymmetric impact. Reaction enhancement is observed at the pinch stage 
of the impact. LX-11-0 should be considered as moderately difficult to ignite 
by mechanical means and as having very low probability of building to violent 
reaction from a minor ignition where there is relatively little confinement. 

9.2.11. LX-14-0 

LX-14-0 (IIMX/Estane 95.5/4.5) is moderately easy to ignite in the Susan 
test, requiring an impact velocity of about 48 m/s (Fig. 9-3). Thiu is 
slightly higher than that required for LX-04-1. Nosecap deformation is 
generally greater than 25 mm before ignition is observed. Reaction levels 
tend to be somewhat large once the threshold velocity is exceeded, somewhat 
like those of LX-07-2. In support of this tendency, skid test results on 
LX-14-0 are j-termediate in reaction level between LX-04-1 and LX-07-2 
(Table 9-2), It appears that accidental mechanical ignjtion of LX-14-0 has a 
moderately low probability of building to a violent reaction or detonation 
where there is little or no confinement. 
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9.2.12. LX-17-0 


LX--17~0 (TATB/Kel-F 800 92.5/7.5), like its major component, is among the 
least reactive of the HEs tested in the Susan test (Fig. 9-6). The explosive 
response is scarcely distinguishable from that of an inert material at impact 
velocities up to 1000 m/s. There is no evidence of accelerated burning 
reactions at the higher impact velocities such as occur with almost all 
comoionly used explosives. 

9.2.13. Octol 75/25 


Octol 75/25 (HMX/TNT 75/25) has both good and bad properties, as measured 
by the Susan test (Fig. 9-3). The threshold velocity for reaction is probably 
about 180 ft/sec (55 m/s), which is rather typical of the TNT-bonded cast 
explosives and higher than most PBXs. On the other hand, reaction levels 
become moderately high, generally at relatively low velocity. The variability 
of results is leas than that observed witn Cyclotol 75/25. Octol 75/25 should 
be considered as rather difficult to ignite accidentally by mechanical means 
but capable of a large reaction once ignited under certain conditions. 

9,2.14. PBX-9010 

PBX-9010 (RDX/Kel F 90/10) displays some very undesirable properties in 
the Susan test (Fig. 9-2). Ignition is observed after about 0.5-in. (13 mm) 
of projectile nosecap deformation, which would make the threshold velocity for 
reaction about 110 ft/sec (34 m/s). The reaction levels observed are high and 
independent of impact geometry. The observed energy release is not as high as 
that often seen with the more energetic explosives PBX-9404, LX-09-0, and 
LX-10~0, but intrinsic energy content does not completely explain the 
difference; geometric factors at the time of maximum reaction are thought to 
also contribute to the observed results. The reaction buildup is sufficiently 
rapid that no pinch-stage enhancement of the reaction is observed. PBX-9010 
exhibits both a low threshold for reaction and sufficient reactivity to 
indicate a very large probability of violent reaction or detonation from any 
accidental mechanical ignition. 
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9.2.15. PBX-9011 


PBX-9011 (HMX/Estane 90/10) is among tho least reactive of the PBXs 
tested in the Susan test (Fig. 9-4). The threshold for reaction ..s probably 
about 165 ft/sec (50 m/s), judging from the nosecap deformation of about 
1.7-in. (43 mm) at the time of observed ignition for the higher-velocity 
shots. The reaction level is quite dependent on the impact velocity; it 
appears to be slightly lower than that observed for LX-04-1 but not as low as 
for Comp B-3. Reaction enhancement is observed only at the pinch stage of the 
impact. PBX-9011 should be considered as moderately difficult to ignite by 
mechanical impact and as having very low probability of building to violent 
reaction from a minor ignition where there is relatively little confinement. 
PBX-9011 has given only mild reactions in other impact geometries that often 
give detonations with explosives such as LX-04-1. 


9.2.16. PBX-9205 

PBX-9205 (RDX/polystyrene/di-2-ethylhexylphthalate 92/6/2) is similar to 
LX-07-2 in some of its properties (Fig. 9-3). The threshold velocity for 
reaction is probably about 120 ft/sec (37 m/s), judging from the nosecap 
crush-up at the time of observed ignition with higher-velocity impacts. As 
with LX-07-2, the response is dependent on impact velocity and is intermediate 
between that of PBX-9404 and LX-04"1. Thus, PBX-9205 has a low threshold for 
reaction but only a moderate rate of buildup to violent reaction. It appears 
that accidental mechanical ignition of PBX-9205 has a moderate probability of 
building to violent deflagration or detonation. 
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9 . 2 . 17 . PBX - 9404-03 


PBX-9404 (HMX/NC/tris-3-chloroethyl phosphate 94/3/3) displays some 
very undesirable properties in the Susan test (Fig. 9-2). Ignition is seen 
after only about 0.35 in. (8.9 mm) of deformation of the projectile nosecap, 
which is consistent with the very low threshold velocity of 105 ft/sec 
(32 m/s). The reaction levels are generally quite high for impacts in the 
range of 105 to 200 ft/sec (32 to 61 m/s). These reactions build to violent 
levels with sufficient rapidity that no pinch-stage enhancement of the 
reaction is observed. At higher impact velocities, the reaction level seems 
to depend somewhat on impact velocity, but it is always at least moderately 
high. Pinch-stage enhancement of the reaction at these higher impact 
velocities is very noticeable. PBX-9404 exhibits both a very low threshold 
velocity for reaction and rapid buildup to violent reaction. Any mechanical 
ignition of PBX-9404 has a very large probability of building to violent 
deflagration or detonation. 

9.2.18. PBX-9501 

PBX-9501 (HMX/Estane/BDNPA-F 95/2.5/2,5) is a high-energy explosive with 
low impact sensitivity for an explosive of its power (Fig. 9-3). The 
threshold velocity for reaction is about 200 ft/sec (61 m/s), which is higher 
than that for most PBXs and about equal to that for many TNT-based 
explosives. Reactions start after about 2.5 in. (64 mm) of projectile 
deformation, which is consistent with the observed threshold velocity. Once 
threshold velocity is exceeded, reactions become violent over a rather narrow 
velocity range. Small reactions do not automatically grow to large reactions 
as they do in many other high-energy PBXs. Skid-test ignitions, for example, 
give very low reactions. 

9.2.19. TATB 

TATB is among the least responsive of the HEs ever tested in the Susan 
test (Fig. 9-6). The explosive response is scarcely distinguishable from that 
of a mock HE at impact velocities up to 1000 m/s. There is no evidence of 
accelerated burning reactions at the higher impact velocities such as occur 
with almost all commonly used explosives. 
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9.2.20. TNT 


TNT shows no undesirable properties by the Susan test (Fig. 9-5). Minor 
ignitions occur at impact velocities uown to about 235 ft/sec (72 m/s) but 
only after extensive splitting of the projectile nosecap and abrupt halting of 
the projectile at the final (or pinch) stage of impact. No violent reactions 
are observed even at impact velocities above 1200 ft/sec (366 u/s). Further, 
the TNT response is independent of whether it is cast or is a high- or 
medium-density pressing. TNT should be considered very difficult to ignite 
accidentally by mechanical means; any reaction from such an ignition has an 
extremely low probability of building to violent levels where there is 
relatively little confinement. 

9.2.21. Triton al 

Tritonal behaves very much like Comp B-3 in the Susan test at the lower 
impact velocities (Fig. 9-5). At the higher velocities the reaction levels 
approximate those of LX-04-1 and are quite violent. Tritonal should be 
considered difficult to ignite by mechanical means; and reaction from such an 
ignition has a low probability of building to violent levels where there is 
relatively little confinement. 

9.2.22. XTX-8003 

XTX-8003 (PETN/Sylgard 182 80/20) is moderately difficult to ignite in 
the Susan test (Fig. 9-4) and requires an impact velocity of about 160 ft/sec 
(49 m/s), judging from the 1.4-in. (36 mm) of projectile nosecap deformation 
at the time of observed ignition. Reaction levels ranged from quite low to 
moderately low over the velocity range tested. Although the number of tests 
is limited, it appears that XTX-8003 has a very small probability of building 
to violent reaction from an accidental ignition where there is relatively 
little or no confinement. 
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9.3. SKID TEST 


Results from a sliding-impact sensitivity test (skid test) using large 
hemispherical billets of HE have proved valuable for evaluating the 
plant-handling safety of HEs.^ The test was developed at AWRE in England, 

In the LLNL-Pantex version of this test, the explosive billet, supported 
on a pendulum device, is allowed to swing down from preset heights and strike 
at an angle on a sand-coated steel -target plate. The two impact angles 
employed [14 and 45 deg (0.79 and 0.24 rad, respectively)] are defined as the 
angle between the line of billet travel and the horizontal target surface. 

The spherical surface of the billet concentrates the force of the impact in a 
small area. The pendulum arrangement gives the impact a sliding or skidding 
component as well as a vertical one. Results of the test are expressed in 
terms of the type of chemical event produced by the impact as a function of 
impact angle and vertical drop. The chemical events are defined as follows: 

0 No reaction; charge retains integrity. 

1 Burn or scorch marks on HE or target; charge retains integrity. 

2 Puff of smoke, but no flame or light visible in high-speed 

photography. Charge may retain integrity or may be broken into 
large pieces. 

3 Mild low-order reaction with flame or light; charge broken up and 
scattered. 

4 Medium low-order reaction with flame or light; major part of HE 
consumed. 

5 Violent deflagration; virtually all HE consumed. 

6 Detonation. 

The sliding- impact test results are significant indications of 
plant-handling safety because the drop heights and impact angles used in the 
test are quite within the limits encountered when an explosive billet is 
accidentally dropped. The test is used not only to evaluate the relative 
sensitivity of different explosives, using the sand-coated target as a 
reference surface (Tables 9-2 and 9-3), but also to evaluate typical plant 
floor coverings, using PBX-9010 as a reference explosive (Table 9-4). 

The floor-covering skid test has been modified and standardized at Pantex 
using results from ten 14.1-ft (4,33-m) drops of a 10.7-kg LX-10 billet at a 
45-deg angle (0.79 rad) as the safety criterion (Table 9-5).^^ 
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Table 9-2. Standard LLNL-Pantex skid test.^ 


Explosive 

Impact angle 

deg (rad) 

Vertical drop 

ft (m) 

Chemical event 

Conditions 

Comp B-3 

14 

(0.24) 

0.88 

(0.27) 

0,0,0,0,0,0 






1.25 

(0.38) 

2 






1..25 

(0.38) 

0,0,0,0,0,0 

-30'’C 

(243 K) 




1.75 

■(0.53 

0,2 

-30°C 

(243 K) 




1.75 

(0.53) 

2 






2.5 

(0.76) 

0,0,2,2,0,2 






3.5 

(1.07) 

2,0,0,2,2 






5.0 

(1.52) 

0,2,2,2,2,2 






7.1 

(2.16) 

3,2 




45 

(0.79) 

1.75 

(0.53) 

0 






2.5 

(0.76) 

0 






3.5 

(1.07) 

0 






3.5 

(1.07) 

0,0,0 

-30“C 

(243 K) 




5.0 

(1.53) 

0 






7.1 

(2.16) 

0 






10.0 

(3.05) 

0 






14.1 

(4.30) 

2 






20.0 

(6.10) 

0 



Cyclotol 75/25 

14 

(0.24) 

0.625 

(0.19) 

1 






0.88 

(0.27) 

4 






1.75 

(0.53) 

3 






2.5 

(0.76) 

3 




45 

(0.79) 

5.0 . 

(1.52) 

0 






7.1 

(2.16) 

0 






14.1 

(4.30) 

0 



LX-04-0 

14 

(0.24) 

1.25 

(0.38) 

0 






1.75 

(0.53) 

2 






2.5 

(0.76) 

2 






3.5 

(1.07) 

2,2 






5.0 

(1.52) 

2,0 






5.0 

(1.52) 

0 

235“F 

(385 K) 




7.1 

(2.16) 

2,2 






10.0 

(3.05) 

2 






14.1 

(4.30) 

2 




45 

(0.79) 

3.5 

(1.07) 

0.1 






3.5 

(1.07) 

2 

-57"'F 

(224 K) 




5.0 

(1.52) 

3 






10.0 

(3.05) 

3 






14.1 

(4.30) 

0 






14.1 

(4.30) 

0 

230’’F 

(383 K) 
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Table 9-2. Standard LLNL-Pantex skid test.® (Continued) 


Explosive 


Impact angle Vertical drop 

deg (rad) ft (m) Chemical event 


LX-04-1 

14 

(0.24) 


45 

(0.79) 

LX-07 

14 

(0.24) 


45 

(0.79) 

LX-07-1 

14 

(0.24) 


45 

(0.79) 

LX-09~0 

14 

(0.24) 


45 

(0.79) 

LX-10-0 

14 

(0.24) 


1.75 

(0.53) 

0,0 

2.5 

(0.76) 

2,2,1 

3.5 

(1.07) 

0 

5.0 

(1.52) 

2 

7.1 

(2.16) 

1 

14.1 

(4.30) 

2 

3.5 

(1.07) 

0,2,0,0,0 

5.0 

(1.52) 

0,3,0,0,0 

7.1 

(2.16) 

1,0,0 

10.0 

(3.05) 

2,3 

14.1 

(4.30) 

2,3 

1.25 

(0.38) 

0 

1.75 

(0.53) 

0 

2.5 

(0.76) 

4 

3.5 

(1.07) 

4 

1.75 

, (0.53) 

0 

2.5 

(0.76) 

2 

3.5 

(1.07) 

6 

0.88 

(0.27) 

0,0,0 

1.25 

(0.38) 

0,0,0 

1.75 

(0.53) 

0,0,0 

2.5 

(0.76) 

3,3,6 

2.5 

(0.76) 

0,0 

3.5 

(1.07) 

0,0,0 

5.0 

(1.52) 

0,0,0 

7.1 

(2.i6) 

0,0,0,5,0,0 

0.88 

(0.27) 

0,0,0,0 

1.25 

(0.38) 

0,0,6 

3.5 

(1.07) 

0,0,0,0,0,0,0 

5.0 

(1.52) 

0 , 0 , 0,6 

7.1 

(2.16) 

0 

0.62 

(0.19) 

6 

0.88 

(0.27) 

0,0,0,0,0,0, 
0,0,0,0,0,0 

0.88 

(0.27) 

0,0,0,0,0,0,0 

1,25 

(0.38) 

0,6,6 

1.25 

(0.38) 

6,6,0 


Conditions 


-34“C (239 K) 
16“C (289 K) 


IS^C (289 K) 


9-28 


3/81 



Table 9-2. Standard LLNL-Pantex skid test.^ (Continued) 


Impact angle Vertical drop 


Explosive 

deg 

(rad) 

ft 

(m) 

Chemical event 

Conditions 

LX-10-0 

45 

(0.79) 

0.88 

(0.27) 

Ob 

-34“C 

(239 K) 




1.25 

(0.38) 

Ob 

-34®C 

(239 K) 




1.75 

(0.53) 

Ob 

-34“C 

(239 K) 




2.5 

(0.76) 

0,0,0 

-34“C 

(239 K) 




2.5 

(0.76) 

Ob 

-34“C 

(239 K) 




2.5 

(0.76) 

0,0,0 

lO^C 

(289 K) 




2.5 

(0.76) 

0 

71'’C 

(344 K) 




3.5 

(1.07) 

0,0,0,0,6,0, 








0,0,0 






3.5 

(1.07) 

Ob 

-34‘‘C 

(239 K) 




3.5 

(1.07) 

6,6,0,0,0,0, 

le^c 

(289 K) 






0,0,0,0,0 








0,0,0,0,0,0,0 






3.5 

(1.07) 

0 

71‘’C 

(344 K) 




5.0 

(1.52) 

6 

-34“C 

(239 K) 




5.0 

(1.52) 

0 

71"C 

(344 K) 




7.1 

(2.16) 

0 

71®C 

(344 K) 

LX-10-1 

14 

(0.24) 

0.88 

(0.27) 

0,0,0,0,0,0,0 






1.25 

(0.38) 

0,6,6,0,6,6 






1.75 

(0.53) 

0,6 




45 

(0.79) 

2.5 

(0.76) 

0,0,0 






3.5 

(1.07) 

0,0,0,0,6,6,0,0 





5.0 

(1.52) 

6 



LX-14-0 

14 

(0.24) 

0.88 

(0.27) 

0,0,0,0,0,0 






1.25 

(0.38) 

3,0,0,0 




45 

(0.79) 

3.5 

(1.07) 

0,0,0,0,0.0 






5.0 

(1.52) 

0,0,0,0,0,4 






7.1 

(2.16) 

4 



LX-17-0 





No reaction 



Octol 75/25 

14 

(0.24) 

2.5 

(0.76) 

0 






3.5 

(1.07) 

3 



PBX-9010 

14 

(0o24) 

0.88 

(0.27) 

0 






1.25 

(0.38) 

6,0,0,6,0,0 






1.50 

(0.46) 

0,5 






1.75 

(0.53) 

6,0 






3.5 

(1.07) 

0 






15.0 

(4.57) 

6 
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Table 9-2. Standard LLNL-Pantex skid test.® (Continued) 


Impact angle Vertical drop 


Explosive 

deg 

(rad) 

ft 

(m) 

Chemical event Conditions 

PBX-9010 

45 

(0.79) 

2.5 

(0.76) 

0,0 




3.5 

(1.07) 

6 , 6 , 6,0 ,6 




5.0 

(1.52) 

0,6,0 




7.1 

(2.16) 

6 




14.1 

(4.30) 

6,6 

Pax-9011 

14 

(0.24) 

5.0 

(1.52) 

0 




10.0 

(3.05) 

0,0 




20.0 

(6.10) 

1 




28.0 

(8.53) 

1 


45 

(0.79) 

5.0 

(1.52) 

0 




7.1 

(2.16) 

0 




10.0 

(3.05) 

0 




20.0 

(6.10) 

0 

PBX-9205 

14 

(0.24) 

0.88 

(0.27) 

0 




1.25 

(0.38) 

2 




1.75 

(0.53) 

3 


45 

(0.79) 

2.5 

(0.76) 

4 

PBX-9404 

14 

(0.24) 

0.625 

(0.19) 

0,0,0,0,0,0 




0.88 

(0.27) 

0,0,0,0,0,0,0,0, 6 , 0,0, 6 




1.25 

(0.38) 

0,0,0,6, 6 , 6 




1.75 

(0.53) 

6,0,6,0,0,2,0,0,0,6 




1.9 

(0.58) 

6 




2.5 

(0.76) 

6,0,3,0 




3.5 

(1.07) 

6,6 


45 

(0.79) 

1.75 

(0.53) 

0,0,0,0,0,0,0 




2.5 

(0.76) 

0,0,0,0,0,0,0.0,0,0 




3.5 

(1.07) 

0,6,0,C,0,0,0,6,0,0 






0,0,0,0,0,0,6 




5.0 

(1.52) 

6,6,6 ,0 ,6 ,0 , 0,6 ,0 ,0 




7.1 

(2.16) 

6,6 




10.0 

(3.05) 

6 , 6 




15.0 

(4.75) 

6 

PBX-9501 

14 

(0.24) 

2.5 

(0.76) 

0,0 




3.5 

(1.07) 

0,0,0 




5.0 

(1.52) 

0 




10.0 

(3.05) 

3 
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Table 9-2, Standard LLNL-Pantex skid test.^ (Continued) 


Impact angle Vertical drop 

Explosive deg (rad) ft (m) Chemical event Conditions 


PBX- 

9501 

45 

(0.79) 

5.0 

(1.52) 

0,0,0 





7.1 

(2.16) 

0,0,0 





10,0 

(3.05) 

0,0,0 

( as 

pressed) 

14 

(0.24) 

1.25 

(0.38) 

0,0,0,0,0,0 





1.75 

(0.53) 

0,0,0,0,3 





2.5 

(0.76) 

0,3 



45 

(0.79) 

5.0 

(1.52) 

0,0,0,0,0,0 





7.1 

(2.16) 

0,0,0,0,3 





10.0 

(3.05) 

0,0,3 





14.1 

(4.30) 

4 

TNT 


14 

(0.24) 

3.5 

(1.07) 

0,0,0,0,0,0 





10.0 

(3.05) 

2 





14.1 

(4.30) 

0 





20.0 

(6.10) 

0 


^ Tests were conducted with 23-lb (10.4-kg) hemispheres of explosive 11 in. 
(0.28 m) in diameter at ambient temperature unless indicated otherwise. One 
in. ■■ 2.54 X 10“2 m; 1 lb « 4.54 x 10"^ kg; 1 ft = 3.05 x 10~^ lo; 

1 deg = 1.75 X lO"'^ j;ad. 

^ An acrid or burnt odor was noticed after the test. 
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Table 9-3. Nonstandard skid,tests of interest. 


a,12,13 


Vertical 

Weight ImpacL angle drop Chemica1 

Explosive Tb (kg) deg (rad) ft (m) event Conditions 


Baratol 

50 

(22.7) 

45 

(0.79) 

Comp B-3 

50 

(22.7) 

14 

(0.24) 




45 

(0.79) 

Cyclotol 75/25 

50 

(22.7) 

45 

(0.79) 

LX-04-0 

50 

(22.7) 

45 

(0.79) 

LX-OA-1 

298 

(135.2) 

45 

(0.79) 

LX-09-0 

28 

(12.7) 

14 

(0.24) 


19 

(8.6) 




28 

(12.7) 

45 

(0.79) 


19 

(8.6) 




28 

(12.7) 




19 

(8.6) 




LX-10-0 

23 (10.4) 

14 

(0.24) 



45 

(0.79) 


69 (31.3) 

70 (31.8) 

14 

(0,24) 

LX-14-0 

291 (132) 

292 (132.4) 
291 (132) 

290 (131.6) 

45 

(0.79) 
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3 

(0.9) 

2 


5 

(1.5) 

3 


5.0 

(1,52) 

4 


5.0 

(1.52) 

0 


10.0 

(3.05) 

0,0,0,2 


3.0 

(0.9) 

0,0,2 


5.0 

(1.52) 

3.3 


7.1 

(2.16) 

0 230'F 

<383 K) 

0.88 

(0.27) 

0 


1.25 

(0.38) 

0 


1.75 

(0.53) 

C 


0.88 

(0.27) 

0 

b 

0.88 

(0.27) 

6 

Contro1 

1.25 

(0.38) 

0,0,0,0,0 

c 

1.25 

(0.38) 

0,4,4,0 

0,0,4 

Contro1 

2.5 

(0.76) 

0 

b 

2.5 

(0.76) 

0 

Contro1 

2.5 

(0.76) 

4,0,0,0, 

0,0,0,0 

c 

3.5 

(1.07) 

6,0 

b 

3.5 

(1.07) 

0,0 

Control 

3.5 

(1.07) 

0,5 

c 

3.5 

(1.07) 

5 

Control 

5.0 

(1.52) 

4,0,5 

c 

5.0 

(1.52) 

0,0,0 

Contro1 

0.88 

(0.27) 

0,0,0,0 

d 

3.5 

(1.07) 

0,0,0 


0.44 

(0.13) 

0 

e 

0.66 

(0.20) 

6 


0.88 

(0.27) 

0 


1.25 

(0.38) 

0 


1.50 

(0.46) 

0 


1.75 

(0.53) 

0 


2.5 

(0.76) 

0 


5.0 

(1.52) 

6 



3/81 




Table 9-3. Nonstandard skid tests of interest. 


a,12,13 


(Continued) 


Explosive 


Weight 
lb (kg) 


Vertical 

Impact angle drop 
deg (rad) ft (m) 


Chemical 

event 


Conditions 


PBX-9404 


(as-pressed) 


PBX-9404 


296 

(134.3) 

14 

(0.24) 

0.25 

(0.08) 

0 

292 

(132.4) 



0.33 

(0.10) 

6 

2,96 

(134.3) 



0.48 

(0.15) 

6 

296 

(134.3) 

45 

(0,79) 

0.33 

(0.10) 

0 

298 

(135.2) 



0.44 

(0.13) 

0 

293 

(132.9) 



0.60 

(0.18) 

0 

291 

(132.0) 



0.63 

(0.19) 

0 

287 

(130.2) 



1.23 

(0.38) 

0 

296 

(134.3) 



2.5 

(0.76) 

0 


(13.2) 

14 

(0.24) 

0.31 

(0.09) 

0 





0.44 

(0.13) 

0 





0.63 

(0.19) 

0 





0.88 

(0.27) 

0,0,0,0,0,0 





2.50 

(0.76) 

0 





3.50 

(1.07) 

0,0,0,0,0,0 





5.00 

(1.52) 

0,6 

50 

(22.7) 

45 

(0.79) 

2.00 

(0.6) 

0 





3.0 

(0.9) 

0,6 





5.0 

(1.5) 

6 


^ Target was standard sand-coated steel (1/4-in. (6.375-inra)) bonded to 
concrete. One in. « 2.54 x IC*'^ i ib = 4.54 x 10“^ kg; 1 ft = 

3.05 X 10“1 m; 1 deg = 1.75 x 10~^ rad. 

^ Aged 11 months at /O^C (373 K). 

® Stockpile aged. 

Made with Fluorel. 

® Made with 48 lb (21.8 kg) of steel plate on the HE equator. 
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Table 9-4. Evaluation of plant floorings by LLNL-Pantex test. 


3,1,14,15 



Thickness 

Vertical drop 

Chemical 


Floor material 

in. 

(mm) 

ft 

(m) 

event 

Conditions 

Brigantine^ 

0.090 

(2.29) 

7.1 

(2.16) 

0 

New 




10.0 

(3.05) 

0 





14.1 

(4.3) 

0 


Brigantine^ 

0.090 

(2.29) 

7.1 

(2.16) 

0 

Worn 




10.0 

(3.05) 

1C 





10.0 

(3.05) 

0 





10.0 

(3.05) 

0 


Corrugated rubber 



10.0 

(3.05) 

0,0 

Agains t 

floor covering 



10.0 

(3.05) 

0 

grain 

With grain 




20.0 

(6.10) 

0 

Linoleum 

0.125 

(3.18) 

7.1 

(2.16) 

0 





10.0 

(3.05) 

0 





14.1 

(4.30) 

0 





20.0 

(6.10) 

0 


Poly-Con*^ 



2.5 

(0.76) 

0 





3.5 

(1.07) 

0 





5.0 

(x.52) 

0 





7.1 

(2.16) 

6 





1.25 

(0.38) 

0 

14-deg 




1.75 

(0.53) 

0 

(0.24-rad) 




2.5 

(0.76) 

0 

impac t 




3.5 

(1.07) 

0 

angle 




5.0 

(1.52) 

6 


Quiet Zone^ 

0.17 

(4.32) 

7.1 

(2.16) 

0 

New 




10.0 

(3.05) 

0 





14.1 

(4.3) 

0 


Quiet Zone^ 

0.17 

(4.32) 

7.1 

(2.16) 

0 

Worn 




10.0 

(3.05) 

0 





14.1 

(4.3) 

0 


Sanded steel 



1.75 

(0.53) 

0 





2.5 

(0.76) 

6,6 


Torginal 

0.0625 

(1.59) 

14.0 

(4.27) 

0 


(Torga-Deck) 



20.0 

(6.10) 

6 



(0.188 

(4.76 

20.0 

(6.10) 

0 



to 0. 

25) to 6.35) 

28.0 

(8.53) 

1 
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Table 9-4. Evaluation of plant floorings by LLNL-Pantex test. 
(Continued) 


3,1,14,15 



Thickness 

Vertical drop 

Chemical 

Floor material 

in. (mm) 

ft (m) 

event Conditions 


Urapol floor 0.094 

(2.38) TO.O 

(3.05) 

0 


covering^ 

14.1 

(4.30) 

0 



20.0 

(6.10) 

0 


0.125 

(3.18) 10.0 

(3.05) 

0 



14.1 

(4.30) 

0 



20.0 

(6.10) 

0 



20.0 

(6.10) 

0 

14 deg 
(0.24-rad) 
impact 
angle 

Vinyl 

5.0 

(1.52) 

0,0 



7.1 

(2.16) 

6,6 


a The test was conducted 

using 50-lb (22.7-kg) 

hemispheres of PBX- 

9010 and. 

except where otherwise noted, 45-deg (0.79-rad) impact 

angle. 


One in. = 2.54 x 10-2 

m; 1 lb = 4.54 x 10-1 

kg; 1 ft 

* 3.05 X 10 

-1 m; 


1 deg » 1.75 X 10-2 rad. 
b Billet weighed 46 lb (21 kg). 

<- Wind-blown sand and grit on impact target may have caused this event. 

Wind gusting to 40 inph was evident during this test. As shown, two repetitions 
of this test produced no further reaction, 
d A poured polyurethane floor covering. 


Table 9-5. Evaluation of plant floorings by the Pantex standard test.^^ 


Thickness Chemical 


Floor material 

in. 

(mm) 

event 

Conditions 

Adiprene 

0.125 

(3.18) 

0 

With raised 
1-mm buttons 

DuPont entrance mat 

0 . 094 a 

(2.38) 

6 

On concrete 


0.094 

+0.125+0.04 

(2.38+3.18+1 

.0) 0 

On 3.18-inm- 
thick adiprene 
with raised 
1-mm buttons 

Flexco radial rubber 

tile 0.10+0.025 

(2.54+0.64) 

0 

With raised 

0.64-nim 

buttons 


0.185+0.025 

(4.7+0.64) 

0 

With raised 

0.64-mm 

buttons 


0.075+0.050 

(1.9+1.3) 

3 

With raised 

1.3-mm buttons 


0.185+0.050 

(4.7+1.3) 


With raised 

1.3-iran 
buttons; 
indirect hit 
on third drop 
destroyed pad 

Neoprene 

0.132 

(3.35) 

0 

3.18-mm thick, 
nominal 

Torgina1-type 

0.04-0.06 

(1.0-1.5) 

0 

2 of 10 
billets 
cracked 


® Foam base with intertwined rubber loops. 



9.4. SHOCK INITIATION 


9.4.1. Gap test 

The gap test data are indicative of the shock sensitivity of an 
explosive. The values are reported as the thickness of an inert spacer 
material that has a 50% probability of allowing detonation when placed between 
the test explosive and a standard detonating charge. In general, the larger 
the spacer gap, the more shock-sensitive is the HE. The values, however, 
depend on test size and geometry and on the. sample (the particular lot, its 
method of preparation, its density, and percent voids). Gap test results, 
therefore, are only approximate indications of relative shock sensitivity. 

Tests have been developed covering a wide range of sensitivities for 
solid and liquid explosives at Los Alamos National Laboratory (LANL), Naval 
Surface Weapons Center (NSWC), Mason & Hanger-Silas Mason Co., Inc., Pantex 
Plant (PX), and Stanford Research Institute (SRi), Test results are listed in 
Table 9-6. 

The test configurations are briefly described below. In all cases, 
detonation of the acceptor charge is ascertained by the dent produced in a 
"witness plate." 

• NSWC small scale gap test (SSGT)^^; 

Donor: 25.4-min-O.D. x 38.1-mm-long RDX pellet. 

Acceptor: 25.4-mm O.D. x 38.1-mm long. 

Spacer: 25.4-mm-diara Lucite disks jt different thickness. 

Results are reported in decibangs (DBG) and analyzed by the 

Bruceton method. 

• LANL small scale gap test (SSGT)^^: 

Donor: Modified SE-1 detonator with PBX-9407 pellet 0.300-in. diam 

X 0.207 in. long (7.62 x 5.26 nun). 

Acceptor: 0.5-in. diam x 1.5-in. long (12.7 x 38.1 mm). 

Spacer: Brass shims in 0.01 in. (0.25 mm) increments. 

Results are reported in in. (ram) and analyzed by the Bruceton 

method. 
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• LANL large scale gap test (LSGJ)^^: 

Donor: 1»625-in.-diara x 4-in.-long (41.3 x 102 mm) PBX-9205 pellet. 
Acceptor: 1.625-in. diam x 4-in. long (41.3 x 102 mm). 

Spacer: 1.625-in.-diam (41.3 mm) disks of 2020-T4 Dural (aluminum). 
Results are reported in in. (nun) and analyzed "by the Bruceton 
method. 

• PX gap test^®: 

Donor: 25.4-mnrdiam x 38.1-mmrlong LX-04 pellet. 

Acceptor: 25.4 x 25.4-mm right cylinder. 

Spacer: 25.4~mm-diam brass shims in 0.25-mm increments. 

Results are reported in in. (mm) and analyzed by the Bruceton 
method. 

• SRI gap test for liquid HE^^: 

Donor: Two 1.625-in.-diam x 0.5-in.-long (41-3 x 12.7 mm) Tetryl 
pellets, each weighing about 50 g. 

Acceptor: 0.5-in.-I.D. x 0.1-in.-thick x 4-in.-long (12.7 x 2.54 x 
102 mm) steel tubes. 

Spacer: 0.01-in.-thick x 1.625-in.-diam (0.25 x 41.3 mm) cellulose- 
acetate disks, called "cards", used here as a unit of measurement. 
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Table 9-6a. 

NSWC small 

scale gap 

tests. 




Density, p 

Percent 
’ /ids 

Loading 

pressure 

Sensitivity 

"Explosive 

[g/cm^ (Mg/m^)] 

% 

ksi 

(MPa) 

DBG®" 

(mm) 

Comp A-5 

1.700 

4.5 

16 

110 

4.616 

(8.79) 

Comp B 

1.735 

0 

64 

441 

7.277 

(4.75) 


1.473 

14.4 

4 

28 

4.904 

(8.20) 

Comp C-3 

1.612 

— 

4 

28 

7.510 

(4.50) 

Comp C-4 

1.643 

— 

4 

28 

8.508 

(3.53) 

DATE 

1.775 

3.5 

64 

441 

8.882 

(3.28) 


1.233 

33 

4 

28 

6.909 

(5.18) 

DIPAM 

1.784 

0.3 

64 

441 

7.539 

(4.48) 


1.216 

32.1 

4 

28 

5.233 

(7.62) 

H-6 

1.708 

5.1 

40 

276 

7.182 

(4.85) 

HBX-3 

1.827 

3.3 



9.938 

(2.57) 


1.732 

5.9 

50 

345 

8.535 

(3.56) 

HMX 

1.814 

4.7 

64 

441 

4.644 

(8.71) 


1.517 

20.3 

8 

55 

3.526 

(11.28) 

HNAB 

1.774 

__ 

64 

441 

6.003 

(6.38) 


1.383 

— 

4 

28 

3.244 

(12.04) 

HNS-I 

1.694 

2.6 

64 

441 

6.903 

(5.18) 


1.122 

35.5 

4 

28 

5.556 

(7.06) 

HNS-II 

1.725 

0.9 

64 

441 

6.684 

(5.46) 


1.644 

— 

32 

221 

— 

(7.52) 


1.322 

24.0 

4 

28 

4.264 

(9.53) 

Lead azide 

(dext.) 3.663 

22.2 

64 

441 

-0.303 

(27.23) 


2.535 

46.2 

4 

28 

-3.622 

(58.50) 

LX-04-0 

1.828 

3.3 

64 

441 

6.199 

(6.10) 

NQ (bulk) 

1.273 

28.5 

8 

55 

9.689 

(2.72) 

(bulk) 

0.954 

46.4 

1.3 

9 

6.387 

(5.84) 

Octol 75/25 

1.829 

0 

64 

441 

7.086 

(4.88) 


1.541 

15.8 

4 

28 

3.795 

(10.90) 
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Table 9-6a. NSWC small scale- gap tests 


16 


(Continued) 



Density, P 

Percent 

voids 

Loading 

pressure 

Sensitivity 

Explosive 

[g/cm3 (Mg/m^)] 

% 

ksi 

(MPa) 

DBG^ 

(mm) 

PBX-9407 

1.755 

3.0 

64 

441 

5.884 

(6.55) 


1.653 

8.7 

32 

221 

5.008 

(6,03) 


1.269 

29.9 

4 

28 

3.627 

(11.02) 

Pentolite 

50/50 1.671 

2.3 

32 

221 

4.030 

(10.03) 


1.363 

30.3 

4 

28 

3.097 

(12.45) 

PETN 

1.775 

0.3 

64 

441 

4.998 

(6.03) 


1.576 

11.5 

16 

110 

2.476 

(14.38) 


1.355 

27.9 

4 

28 

2.726 

(13.56) 

RDX 

1.717 

4.7 

38.2 

263 

5.073 

(7.90) 


1.546 

14.2 

10 

69 

3.250 

(12.01) 


1.188 

34.1 

2 

14 

3.569 

(11.18) 

TACOT 

1.698 

8.2 

64 

441 

7.487 

(4.52) 


1.162 

37.2 

4 

28 

5.562 

(7.06) 

TATB 

1.887 

2.2 

64 

441 

13.604 

(1.12) 


1.519 

21.3 

4 

28 

7.918 

(4.12) 

Tetryl 

1.687 

2.5 

32 

221 

5.133 

(7.d0) 

1.434 

17,1 

4 

28 

3.267 

(11.96) 

TNT 

1.651 

0 

64 

441 

8.066 

(3.96) 


1.561 

5.5 

19 

131 

6.095 

(6.25) 


1.353 

18.0 

4 

28 

5.067 

(7.90) 


1 DBG =30-10 log gap 


(10“^ in.). 
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Table 9-6b. LANL small scale gap tests. 


1,17 


Explosive 

Preparation 

Density, p 

Percent 

voids 

50% point 

[g/cm^ (Mg/m^)] 

(%) 

mil s 

(mm) 

Baratol 

Cast 

2.565 

2.6 

— 

NO GO 

Comp A-3 

Hot-pressed 

1.635 

3.1 


(0.89) 


Bulk 

0.90 

46.7 

-- 

(0.64) 

Comp B, Grade A 

Vacuum cast 

1.710 

1.5 

— 

(0.53) 

Comp B-3 

Cast 

1.72 

1.8 

— 

(1.22) 

Cyclotol 75/25 

Cast 

1.752 

1.1 

— 

(0.34) 

DATB 

Hot-pressed 

1.801 

2.0 

• • 

(0.36) 


Hot-pressed 

1.714 

6.7 

— 

(1.22) 

Explosive D 

Hot-pressed 

1.675 

2.4 


(0.51) 


Hot-pressed 

1.604 

6.6 

— 

(0.13) 


Bulk 

1.05 

38.8 

-- 

NO GO 

HMX 

Hot-pressed 

1.840 

3.2 


(3.43) 


Hot-pressed 

1.790 

5.8 


(4.27) 


Bulk (coarse) 

1.20 

36.8 

— 

(8.53) 


Flash-crystal- 






lized (fine) 

0.7 

63 

-- 

(6.45) 

HNAB^° 

Pressed 

1.601 


219 

(5.6) 



1.669 

4.1 

208 

(5.28) 



1.566 

10 

230 

(5.84) 



1,376 

20.9 

264 

(6.71) 

LX-04-0 

Hot-pressed 

1.852 

2.1 


(2.41) 


Hot-pressed 

1.840 

2.7 

— 

(2.31) 

LX-04-1 

Hot-pressed 

1.868 

1.4 


(1.78) 

(pre-6/65) 

Hot-pressed 

1.865 

1.3 

60-80 

(1.5-2.0) 

(post-6/65) 

Hot-pressed 

1.865 

1.3 

40-60 

(1.0-1.5) 

LX-07-1 

Hot-pressed 

1.857 

1.8 

70-90 

(1.8-2.3) 

LX-07-2 

Hot-pressed 

1.859 

1.3 

70-90 

(1.8-2.3) 

LX-09-0 

Hot-pressed 

1.835 

1.3 

75-105 

(1.9-2.7) 

LX-10-0 

Hot-pressed 

1.872 

1.7 

80-100 (2.0-2.5) 


Hot-pressed 

1.857 

2.1 

— 

(2.29) 

LX-11-0 

Hot-pressed 

1.867 

0.3 

45-65 

(1.1-1.7) 
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Table 9-6b. LANL 

small scale gap 

tests.^ 

(Conti ni 

jed) 



Density, p 

Percent 

voids 

50% Doint 

Explosive 

Preparation 

[g/cm^ (Mg/m^)] 

(%) 

mils 

(mm) 

LX-13 (See XTX-8003) 

LX-14 Hot-pressed 

1.333 

0.9 

60-80 

(1.5-2.0) 

LX-15^^ • 



— 

234 

(5.94) 

NM (mod. test)? 



«> •• 

7-17 

(0 18-0.43) 

(mod. test)° 

-- 

— 


2-8 

(0.05-0.20) 

NQ 

Hot-pressed 

1.575 

n .8 

— 

NO GO 

Octol 75/25 

Vacuum cast 

1.810 

1.4 

— 

(C.58) 

PBX-9007 

Hot-pressed 

1.638 

3.4 

— 

(2.01) 

PBX-9010-02 

Hot-pressed 

1.783 

1.7 

>m» 

(2.16) 


Hot-pressed 

1,742 

4.0 


(2.72) 


Bulk 

0.88 

51.5 

— 

(5.16) 

PBX-0911-03 

Hot-pressed 

1.783 

0.7 


(1.60) 


Hot-pressed 

1.731 

3.5 

— 

(1.75) 

PBX-9205 

Hot-pressed 

1.682 

1.6 


(0.76) 


Bulk 

0.91 

46.7 

— 

(7.52) 

PBX-9404-03 

Hot-pressed 

1,850 

0.9 

«• m 

(2.44) 


Cold-pressed 

1.801 

3.5 


2.97 


Hot-pressed 

1.792 

4.0 

— 

(3.40) 

PBX-9407 

Hot-pressed 

1,770 

1.8 


(2.57) 


Hot-pressed 

1.696 

5.9 

— 

(3.91) 


Cold-pressed 

1.598 

11.4 


(5.13) 


Bulk 

0,68 

62.3 

— 

(6.63) 

PBX-9501 

Hot-pressed 

1.843 

0.6 

50-70 

(1.3-1.8) 


riot-pressed 

1.825 

1.3 

— 

(1.52) 

Pentolite 50/50 

Vacuum Cast 

1.700 

0.9 

MM 

(0.86) 


Hot-pressed 

1.676 

2.0 


(3.12) 


Bulk 

0.75 

56.1 

— 

(4.80) 

PETN 

Hot-pressed 

1.757 

0.7 

MM 

(5.21) 


Bulk (coarse) 

0,89 

49.7 

— 

(9.30) 
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Table 9-6b. LANl small scale gap tests. 


(Continued) 


1 , 1 / 


Explosive 

Preparation 

Density, p 
[g/cm^ (Mg/m^)] 

Percent 

voids 

("0 

50% point 
mils (mm) 

RDX 

Hot-pressed 

1.735 

4.1 


(5.18) 


Bulk (coarse) 

1.11 

38.7 


(8.86) 


Bulk (fine) 
Flash-crystal- 

1.00 

44.8 

-- 

(7.82) 


ized (fine) 

0.7 

61 

— 

(6.77) 

TATB 

Hot-pressed 

1.872 

3.4 

— 

(0.13) 

Tetryl 

Hot-pressed 

1.684 

2.7 


(3.84) 


Hot-pressed 

1.676 

3.1 


(4.04) 


Bulk 

0.93 

46.2 

— 

(7.44) 

TNT 

Hot-pressed 

1.633 

1.3 


(0 33) 


Bulk (flake) 

0.84 

49.2 


NO GO 


Bulk (granular) 

0.77 

53.4 

— 

(4.11) 

XTX-8003 

Uncured 

1.53 

1.7 

160-190 

(4.1-4.8) 


Cured 

1.53 

1.7 

130-160 (3.3-4.1) 


^In brass sleeve 0.200 
“in brass sleeve 0.400 


in. I.D. X 0.147 in. thick (5.08 by 3.73 mm), 
in I.D. X 0.43 in. thick (10.2 by 10.9 mni). 


1/85 








Table 9-6c. LANL large scale gap tests. 


1,17 


Percent 




Density, 0 

voids 

50% 

point 

Explosive 

Preparation 

[g/cm^ (Mg/m^)] 

{%) 

in. 

(mm) 

Baratol 

Vacuum cast 

2.597 

1.4 

1.705 

(27.30) 

Comp A-3 

Pressed 

1.638 

2.9 

— 

(54.51) 

Comp B, Grade A 

Cast 

1.712 

2.2 

1.755 

(44.58) 

Comp B-3 

Cast 

1.727 

1.4 

1.982 

(50.34) 

Cyclotol 75/25 

Cast 

1.757 

0.6 

1.699 

(43.15) 


Cast 

1.734 

2.2 

1.801 

(45.74) 

DATB 

Hot-pressed 

1.786 

2.8 

1.641 

(41.68) 


Hot-pressed 

1.705 

7.2 

1.786 

(45.36) 


Bulk 

0.81 

56.0 

1.940 

(49.3) 

Explosive D 

Pressed 

1.668 

2.9 


(42.42) 


Pressed 

1.604 

6.6 

-- 

(42.98) 

HMX 


1.07 

43.7 

2.783 

(70.7) 

LX-04-0 

Pressed 

1.853 

2.1 

— 

(50.16) 

LX-04-1 

Pressed 

1.855 

2.1 

2.036 

(51.71) 

LX-09-0 

Hot-pressed 

1.834 

1.8 

— 

(58.47) 

NQ 

Pressed 

1.715 

3.5 

NO GO 


Or.tol 

Pressed 

1.609 

9.6 

0.197 

(5.00) 

(regular HMX) 

Cast 

1.822 

0.7 

1.947 

(49.45) 

(large HMX) 

Cast 

1.815 

1.4 

1.863 

(47.32) 


Vacuum cast 

1.795 

2.0 

— 

(43.56) 

PBX-9007 

Pressed 

1 .u46 

2.9 

— 

(52.91) 

PBX-9010-01 

Pressed 

1.786 

1.5 

2.090 

(53.09) 


Bulk 

0.81 

55.3 

2.654 

(67.4) 

PBX-9010-02 

Pressed 

1.782 

1.8 

2.157 

(54.79) 


Bulk 

0.85 

53.1 

2.617 

(66.5) 

PBX-9011 

Pressed 

1.761 

1.9 

-- 

(51 .97) 

PBX-9205 

Pressed 

1.682 

1.6 

2.001 

(50.83) 
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Table 9-6c. LANL large scale gap tests. 


(Continued) 


1.17 


Explosive 

Preparation 

Density, p 
[g/cm^ (Mg/m^)] 

Percent 

voids 

(%) 

50% point 
in. (mm) 

PBX-9404-03 

Biomodel HMX, 
pressed 

1.841 

1.3 

2.268 

(57.61) 


Slurry mix, 
pressed 

1.825 

2.2 

2.223 

(56.46) 


Ground, pressed 

1.755 

5.9 

2.410 

(61.21) 


Ground, pressed 

1.400 

25.0 

2.483 

(63.07) 


Ground, pressed 

1.230 

34.1 

2.526 

(64.16) 


Ground bulk, 
pressed 

0.920 

50.7 

2.694 

(68.43) 

PBX-9407 

Pressed 

1.772 

1.7 

2.155 

(54.74) 


Bulk 

0.60 

66.7 

2.455 

(62.4) 

PBX-9502 

Pressed 

1.895 

2.4 

0.879 

(22.33) 

PBX-9503 

Pressed 

1.88 

2.9 


(42.8) 


Pressed 

1.59 

17.9 

— 

(47.0) 

Pentolite 50/50 

Cast 

1.702 

0.8 

2.549 

(64.74) 


Pressed 

1,635 

4.4 

2.703 

(68.66) 

PETN 

Raw 

0.81 

54.2 

2.732 

(69.4) 

RDX 

Pressed 

1.750 

1.09 

3.3 

39.8 

2.434 

2.764 

(61.82) 

(70 2) 

TATB 

Pressed 

1.870 

3.6 

0.863 

(21.92) 

Tetryl 

Hot-pressed 

1.690 

2.3 


(59.82) 


Pressed 

1.666 

0.85 

3.7 

50.9 

2.386 

2.725 

(60.60) 

(69.2) 

TNT 

Pressed at 70® 

1.626 

1.7 

1.944 

(49.38) 


Cast 

1.615 

2.4 

1.114 

(28.30) 


Creamed 

1.582 

4.2 

0.814 

(20.68) 


Pressed at 65®C 

1,631 

1.4 

1.828 

(46.43) 


Pressed at 25®C 

1.505 

9.0 


(54.92) 


Pressed at 25°C 

1.220 

26.2 


(56.26) 


Flake 

0.87 

47.4 

1.460 

(37.1) 


Granular 

0.73 

55.9 

2.268 

(60.8) 

Tritonal 

Cast 

1.792 

J .0 

0.870 

(22.10) 
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Table 9-61. PX gap tests for insensitive HE. 


Explosive 

Preparation 

Density, p 

Percent 

voids 

(« 

50^ point 
in. (mm) 

[g/cm^ (Mg/m^)] 

Baratol^^ 

Machined 

2.610 

0.7 

(8.76) 

2 ? 

Comp B 

Cast 

l.Tll* 

2.2 

— (23.2) 

DATB^^ 


1.781 

3.2 

(17.86) 



1 . 1 * 1*6 

21.3 

— (19.9!*) 

LX-Ol*^^ 

Machined 

1.862 

1 . 1 * 

— ( 20 . 3 ) 

23 

LX- 17-0 

Pressed 

1.902 

— 

( 1 . 35 ) 


Machined 

1.899 

— 

( 2 . 29 ) 

pp 

PBX~ 9 l* 0 l* 

Pressed 

— 

— 

— (27.3) 

PBX- 9502 ^^ 


1 . 881 * 

2 . 1 * 

( 2 . 11 ) 

TATB^®’"'"' 

Pressed 

1.883 


— (.5.3) 


Pressed 

1.861 

i*.o 

(5.61) 


Pressed 

1.700 

12.3 

(ll*. 10 ) 


Bulk 

1.03 


UO.2-16.3) 


19 

Table 9 - 6 e. SRI gap test sensitivities of liquid explosives. 


Explosive 

LVD 

gap 

HVD 

sap 

HVD velocity 

, a 
cards 

(mm) 

cards^ 

(mm) 

(lun/s) 

FEFO 

1500-1800 

(38I-U57) 

77 

(19.6) 

7.2 

FEFO/AFNOL 87/13 

— 

— 

<70 

(<17.5) 

— 

NG/EGDN 50/50 

11,000 

(2790) 

180 

( 45 . 7 ) 

7.61 

MM 

— 

— 

20 - 41 * 

(5.1-10.2) 

6.3 

NM/TIJM 50/50 

35 l*- 39 l* 

(90-100) 

4 o 

( 10 ) 

7.4 


^Cellulose acetate disk, .010 in. thick 


9 - 1*6 
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9.4.2. Critical, energy 


Data from a number of sources show that a rather strict boundary exists 
between shock initiation and noninitiation of an explosive when critical 
energy is plotted as a function of the energy fluence of the shock wave. Each 
explosive studied has a specific critical energy fluence value. Critical 
energy as a function of pressure and time, has not been explored widely, but 
the data to date indicate that the critical energy fluence for initiation is 
probably reasonably constant over the. initiation-pressure ranges of interest. 

A critical energy equation has been derived from the conservation and Hugoniot 
relationships. The equation is 



where 

2 2 

» critical energy in cal/cni (J/m ), 
t = pulse-width of the incident shock in ps, 

P = shock pressure in kbar (GPa), 
p = density of the explosive in g/crs? (Mg/m^), 

U ■ shock velocity in cm/psec (km/s) in the explosive at pressure P. 
s 

Table 9-7 gives the values for several HEs. 




Table 9 7. Critical energies for shock initiation. 


Explosive 

Density, p 

E ^ 
c 

Ref. 

[g/cm^ (Mg/m^)j 

[cal/cm (kJ/m^)] 

Comp B 

1.73 

44 (1850) 

39 

Comp B-3 

1.727 

33 (1381) 

38 

DATB 

1.676 

39 (1632) 

24 

HNS-I 

1.555 

<34 (<1422) 


lead azide 

4.93 

0.03 (1.255)'^ 

24 

LX-04 

1.865 

26 (1090) 

24 

LX-09 

1.84 

23 (962) 

26 

NM 

1.13 

404.7 (17,000)^ 

24 

PBX-9404 

1.84 

15 (630) 

24 


1.842 

15 (644) 

27 

PETN 

»1.0 

'\-2 (v84) 

24 


1.0 

2.7 (120) 

24 


al.6 

v4 (^-167) 

24 

RDX 

1.55 

( 680 )'" 

38 

TATB 

1.93 

226 (9500)^ 

24 


1.762 

72-88 (3053-3682) 

24 

Tetryl 

1.655 

10 (420) 

28 

TNT (cast) 

1.6 

100 (4200)*^ 

29 


1.620 

32 (1339) 

24 

(pressed) 

1.645 

34 (1420) 

24 


One cal/em*^ = l| .l 8 U x 10 ^ j/m^. 


Values were estimcted from data other than critical energy determinations 
and should he considered tentative. 

Constant energy thi'eshold not confirmed. 
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9.4.3. LVD screening test 


A donor-acceptor test was developed at LLNL to determine the relative 
shock sensitivities of liquid explosives.In this test, a thin, 
wedge-shaped film is spread on an aluminum tray, which also serves as a 
witness plate. The sample is initiated by a donor system consisting of a 
detonator and a variable—PETN—content booster. The booster pellet varies from 
20 to 100 wt^ PETN (p = 0.95 Mg/m ), and the output pressure varies from 
4.9 to 17.9 GPa. Transitions between HVD, LVD, and failure are discernible on 
the witness plate. Transition thresholds and failure are shown in Table 9-8 
as a function of output pressure. 


Table 9-8. Pressure at transition threshold and detonation failure thickness. 


Liquid HE 

Density, p 

[g/cm3 (Mg/m3)] 

Pressure 

(GPa) 

HVD 

Failure 

thickness 

(mm) 

LVD 

Failure 

thickness 

(mm) 

NG 

1.6 

<4.9 

NO GO 

— 

GO 

0.0 


1.6 

<4.9 

HVD 

0.6 

GO 

0.0 

FEFO 

1.6 

8.9 

NO GO 

— 

GO 

0.0 


1.6 

17.1 

HVD 

2.8 

GO 

0.2 


9.4.4. I nitial shock pressure 

Shock initiation experiments, such as wedge tests, provide records of 
initial shock pressure-distance histories characteristic to each HE. The 
log P-log X equations in Table 9-9 represent least squaies fits in the 
pressure ranges indicated.-'^ The P-x equations in the table represent 
least squares fits for runs (x) of less than 25 mm. Some of the fits are 
shown graphically in Figs. 9-21a through 9-21d, knoTmi as Pop plots. 
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Table 9-9. Least squares fits for shock initiation data.31-33,37 


Density, p 


Explosive [g/ 

cm3 (Mg/m3)] 

Equation® 


Pressure Ranse, P 
(GPa) 

Baratol 

2.611 

log P » 1.2352 - 0.3383 

log X 

6.8 < P < 12 



P = 5.44 + 22.47 x"^ 


6.8 < P < 12 

Comp B 

1.72 

log P = 1.5587 - 0.7614 

log X 

3.7 < P < 12.6 

HMX 

1.891 

log P = 1.18 - 0.59 log 

X 

4.4 < P < 9.6 

LX-04-1 

1.862 

log P * 1.338 - 0.656 log x 

6.8 < P < 16.7 

LX-17 

1.90 

log P - 1.4925 - 0.5657 

log X 

6 < P < 23.5 

NQ (large grain) 

1.659-1.723 

log P = 1.44 - 0.15 log 

X 

13.4 < P < 26.3 

(commercial) 

1.688 

log P = 1.51 - 0.26 log 

X 

21.2 < P < 29.1 

PBX-9011-06 

1.790 

log P - 1.1835 - 0.6570 

log X 

4.8 < P < 16 



P “ 2.59 + 13.55 X 


4.8 < P < 16 

PBX-9404 

1.840 

log P - 1.1192 - 0.6696 

log X 

2 < P < 25 



P - 2.17 + 9.88 x~^ 


3 < P < 25 


1.7.?1 

log P - 0.9597 - 0.7148 

log X 

1.2 < P < 6.3 



P - 1.09 + 8.71 x~^ 


2.0 < P < 6.3 

PBX-9407 

1.60 

log P ■ 0.57 - 0.49 log 

X 

1.4 < P < 4.7 

PBX-9501-01 

1.833 

log P - 1.0999 - 0.5878 

log X 

2.5 < P < 6.9 


1.844 

log P - 1.1029 - 0.5064 

log X 

2.5 < P < 7.2 

PBX-9502 

1.896 

log P “ 1.39 - 0.31 log 

X 

10.1 < P < 15 
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Table 9-9. Least squares fits for shock initiation data. 


(Continued) 


31-33,37 


Explosive 

Density, p 

[g/cnP (Mg/m3)] 


Equation^ 


Pressure Ranpce, P 
(GPa) 

PETN 

1.75 

log 

P = 0.57 - 

0.41 log X 

1.7 < P <2.6 


1.72 

log 

P » 0.6526 

- 0.5959 log X 

2.0 < P < 4.2 


1.60 

log 

P - 0.3872 

- 0.5038 log X 

1.2 < P < 2.0 


1.0 

log 

P » -0.3855 

i - 0.2916 log X 

0.2 < P < 0.5 

TATB 

1.876 

log 

P » 1.4170 

- 0.4030 log X 

11 < P < 16 



P = 

8.24 + 26.01 x~^ 

11 < P < 16 

( superf i.ie) 

1.81 

log 

P » 1.31 - 

0.43 log X 

10 < P < 28 

(micronized) 

1.81 

log 

P » 1.41 - 

0.38 log X 

14.3 < P < 27.8 

Tetryl 

1.70 

log 

P = 0.79 - 

0.42 log X 

2.2 < P <8.5 


1.30 

log 

1 

00 

* 

o 

n 

1.11 log X 

0.37 < P < 6.9 

TNT (cast) 

1.635 

log 

P “ 1.40 - 

0.32 log X 

9.2 < P <17.1 

(pressed) 

1.63 

log 

P * 1.0792 

- 0.3919 log X 

4 < P < 12 

XTX-8003 

1.53 

log 

P » 0.7957 

- 0.463 log X 

3.0 < P < 5.0 


%here x = run distance to detonation in mm; P = initial shock pressure in GPa. 






Fig. 9-21a. 


Pop plots of representative explosives. 


Curve number 

Explosive 

Density (p) 

[g/cm^ (Mg/m^)] 

Ref. 

1 

Baratol (cast) 

2.G-2.62 

37 

2 

Comp B 

1.72 

34 

3 

LX-17 

1.90 

23 

4 

PBX-9404 

1.84 

37 

5 

PBX-9407 

1.6 

37 

6 

Tetryl 

1.70 

37 

7 

Tetryl 

1.30 

37 

8 

TNT (cast) 

1.62-1.63a 

37 

9 

TNT (pressed) 

1.63 

34 
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Fig. 9-21a. (Continued) 
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Fig. 9-21b. PETN and PETN-based explosives as a function of density. 






Density (p) 

Curve number Explosive [g/cm^ (Mg/m^)] Ref. 


1 

PETN 

1.0 

33,34 

2 

PETN 

1.6 

33,36 

3 

PETN 

1.72 

33,36 

4 

PETN 

1.75 

36 

5 

XTX-8003 

1.53 

33,37 













Fig, 9-21c. Pop plots ox insensitive explosives as functions of density, 
particle size, and temperature.^ 


Curve number 

Exnlosive 

Density (p) 

[ g/ cm^ ( Mg/ ) ] 

Particle size 

Ref. 

1 

LX-17 

1.90 

Coarse 

23 

2 

LX-17 

1.81 

Coarse 

23 

3 

LX-17 

1.92b 

Coarse 

23 

4 

LX-17 

1 .88C 

Coarse 

25 

5 

NQ 

1.39 


34 

6 

NQ 

1.72 

Large grain 

37 

7 

NQ 

1.69 

Commercial 

37 

8 

PBX-9502 

1.90 

Standard 

37 

9 

PBX-9502 

1.89 

Standard 

40 

10 

TATB 

1.84 

Med. coarse 

23 

11 

TATB 

1.88 

Purified 

37 

12 

TATB 

1.81 

Kicronized 

37 

13 

TATB 

1.81 

Superfine 

37 


^ Temperature is ambient unless noted otherwise, 
b -44“C. 
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Pop plots of HMX and HMX-based explosives 


Curve number 

Explosive 

Density (p) 

[g/cm^ (Mg/m^)] 

Ref. 

1 

HMX 

1.89 

37 

2 

LX-04-1 

1.86 

41 

3 

LX-07-2 

1.86 

42 

4 

LX-09-0 

1.84 

41 

5 

LX-10-0 

1.86 

42 

6 

PBX-9011 

1.79 

37 

) 

PBX-9404 

1.72 

37 

8 

PBX-9404 

1.84 

37 

9 

PBX-9501 

1.83 

37 

10 

PBX-9501 

1.84 

41 


9-58 


1/82 










9.5. REFERENCES 


1. B. M. Dobratz, Px-operties of Chemical Explosives and Explosive Simulants , 
Lawrence Livermore National Laboratory, Livermore, CA, UCRL-51319 Rev. 1 
(1974). 

2. R. N. Rogers, Los Alamos National Laboratory, Los Alamos, NM, personal 
communication (1979). 

3. R. R. McGuire, The Properties of Benzotrifuroxan , Lawrence Livermore 
National Laboratory, Livermore, CA, UCRL-52353 Rev. 1 (1978). 

4. D. Breithaupt, Lawrence Livermore National Laboratory, Livermore, CA, 
personal communication (1975). 

5. P. E. Kramer, Mason & Hanger-Silas Mason Co., Inc., Pantex Plant, 

. Amarillo, TX, personal communication (1980). 

6. L. G. Green and A. M. Weston, Data Analysis of the Reaction Behavior of 
Explosive Materials Subjected to Susan Test Impacts , Lawrence Livermore 
National Laboratory, Livermore, CA, UCRL-13480 (1970). 

7. L. G. Green, A. M. Weston, and J. H. van Velkinburg, MecVtanical Behavior 
of Plastic-Bonded Explosives Vertically Dropped on a Smooth , Rigid, Steel 
Target Surfa ce, Lawi'ence Livermore National Laboratory. Livermore, CA, 
UCRL-51022 (n[971). 

8. L. G. Green, A. M. Weston, and J. H. van Velkinburg, Mechanical and 
Functional Behavior of Skid Test Hemispherical Billets , Lawrence 
Livermore National Laboratory, Livermore, CA, UCRL-SIOSS (1971). 

9. J. A. Crutchroer, Mason & Hanger-Silas Mason Co., Inc., Pantex Plant, 
Amarillo, TX, personal communicat"’on (1979). 

10. J. A. Crutchmer, Skid Test Sensitivity of Cast Composition B-3 at Ambient 
and Low Temperatures , Mason & Hanger-Silas Mason & Co., Inc., Pantex 
Plant, Amarillo, TX, MHSMP-80-35 (1980). 

11. Mason & Hanger-Silas Mason, Co., Inc., Pantex Plant, Amarillo, TX, 

Monthly Progress Report, Process Development and R&D Purchase Orders, 
MHSMP-80-25 (1980). 

12. A. S. Dyer and J. W. Taylor, "Initiation of Detonation by Friction on a 
High Explosive Charge," in Proc. 5th Symp. (Int.) on Detonation , Office 
of Naval Research, Arlington, VA, ACR-184 (1970), pp. 291-300. 

13. J. A. Crutchmer, Skid Sensitivity of As-Pressed PBX-9404 , Mason & 
Hanger-Silas Mason Co., Inc., Pantex Plant, Amarillo, TX, MHSMP-79-50 
(1979). 

14. R. E. Henry, Evaluation of Floor Coverings For Explosives Work Areas , 
Lawrence Livermore National Laboratory, Livermore, CA, UCID-16887 (1975). 


9-6C 


1/82 



15. J. A. Crutchmer, Development of the Pantex Floor Covering Skid Test 
Criteria , Mason & Hanger-Silas Mason Co., Inc., Pantex Plant, Amarillo, 

TX, MHSMP-78-44 (1978) 

16. J. N. Ayers, L. J. Montesi and R. J. Bauer, S mall Scale Gap Test (SSGT) 
Data Compilation: 1959-1972. Volume 1-Unclassified Explosives , U.S. 

Naval Surface Weapons Center, White Oak Laboratory, Silver Spring, MD, 
NOLTR 73-132, AD-773743 (1973). 

17. M. J. Urizar, S. W. Peterson, and L. C. Smith, Detonation Sensitivity 
Tests , Los Alamos National Laboratory, Los Alamos, NM, LA-7193-MS (1978). 

18. P. E. Kramer, TATB Sensitivity Testing , Mason & Ranger-Silas Mason Co., 
Inc., Pantex Plant, Amarillo TX, MHSMP-74-35T (1974),. 

19. R. W. Woolfolk, Stanford Research Institute, Menlo Park, CA, personal 
communication (1970). 

20. D. M. O'Keefe, HNAB: Synthesis and Characterization , Sandia National 
Laboratories, Albuquerque, NM, SAND 74-0239 (1976). 

21. H. Golopol, Lawrence Livermore National Laboratory, Livermore, CA, 
personal communication (1979). 

22. T. E. Larsen, Los Alamos National Labori :ory, Los Alamos, NM, personal 
communications (1978, 1979). 

23. B. M. Dobratz, M. Finger, L. G. Green, J. R. Humphrey, R. P.. McGuire, and 
H. F. Rizzo, Selected Sensitivity Tests of Triaminotrinitrobenzene (TATB) 
Formulations and Their Evaluation , Lawrence Livermore National Laboratory, 
Livermore, CA, UCID-18026 (1979). 

24. Walker, F. E., R. J. Wasley, L. G. Green and E. J. Nidick, Jr., Critical 
Energy For Shock Initiation of Fuze Train Explosives , Lawrence Livermore 
National Laboratory, Livermore, CA, UCRL-75339 Preprint (1974). 

25. D. Price, U.S. Naval Surface Weapons Center, White Oak Laboratory, Silver 
Spring, MD, personal communication (1967). 

26. L. G. Green, Lawrence Livermore National Laboratory, Livermore, CA, 
personal communication (1972). 

27. L. G. Green, E. J. Nidick, Jr., and F. E. Walker, Critical Shock 
Initiation of PBX-9404, A New Approach , Lawrence Livermore National 
Laboratory, Kept. UCRL-51522 (l974). 

28. L. G. Green, E. J. Nidick, Jr., and F. E. Walker, Critical Energy for 
Shock Initiation of Tetryl and A-5 , Lawrence Livermore National 
Laboratory, Livermore, CA, UCID-16469 (1974). 

29. M. L. Schimmel, QUEST-Quantitative Understanding of Explosive Stimulus 
Transfer , Summary Report—Tasks 1 through 6. McDonnell Aircraft Co., 

St. Louis, MO, NASA-CR-23A1 (1973). 


1/82 


9-61 



30. 


K. Scribner, Pv. Elson, R. Fyfe and J. P. Cramer, "Physical Stability and 
Sensitivity Properties of Liquid Explosives", in Proc. 6th Symp. (Int.) 
on Detonation , Office of Naval Research, Arlington, VA, ACR-221 (1976), 
pp. 466-474. 

31. B. G. Craig, Los Alamos National Laboratory, Los Alamos, NM, personal 
communication (1974). 

32. J, Wackerle and J. 0. Johnson, Pressure Measurements on the Shock-Induced 
Decomposition of High-Density PETN , Los Alamos National Laboratory, Los 
Alamos, NM, LA-5131 (1973). 

33. D. Stirpe, J. 0. Johnson, and J. Wackerle, J. Appl. Phys. 41 , 3884-3893 
(1970). 

34. J. B. Ramsey and A. Popolato, "Analysis of Shock Wave and Initiation Data 
for Solid Explosives," in Proc. 4th Symp. (Int.) on Detonation , Office of 
Naval Research, Washington, DC, AGR-126 (1965), pp. 233-238. 

35. I. E. Lindstrom, J. Appl. Phys. 37 , 4873-3880 (1966). 

36. J. Wackerle, J. 0. Johnson and P. M. Halleck, "Shock Initiation of 
High-Density PETN," in Proc. 6th Symp. (Int.) on Detonation , Office of 
Naval Research, Arlington, VA, ACR-221 (1976), pp. 20-28. 

37. T. R. Gibbs and A. Popolato, LASL Explosive Property Data (University of 
California Press, Berkeley, CA, 1980). 

38. Y. de Longueville, C. Fauquignon, and H. Moulard, "Initiation of Several 
Condensed Explosives by a Given Duration Shock Wave," in Proc. 6th Symp. 
(Int.) on Detonation (Office of Naval Research, Arlington, VA, 1976) 
AGR-22i, pp. 105-114. 

39. H. Moulard, "Critical Conditions For Shock Initiation of Detonation By 
Small Projectile Impact," in 7th Symp. (Int.) on Detonation (Annapolis, 
MD, June 16-19, 1981) Office of Naval Research, Arlington, VA, Preprints, 
pp. 182-189. 

40. W. Seitz, Los Alamos National Laboratory, Los Alamos, NM, personal 
communication (1980). 

41. L. G. Green and R. J. Wasley. Shock Initiation of LX-04-1 and LX-09-0 , 
Lawrence Livermore National Laboratory, Livermore, CA, UCRL-50672 (1969). 

42. L. G. Green, R. J. Wasley, and P. Kramer, Shock Initiation of LX-07~2 and 
LX-10-0, Lawrence Livermore National Laboratory, Livermore, CA, 

UCRL-50851 (1970). 


9-62 


1/82 







10. ELECTRICAL PROPERTIES 


Like other polymeric materials, the secondary HEs discussed here are good 
electrical insulators. They are not considered sensiti</e to accidental 
initiation from electric sparks. Primary explosives are more easily initiated 
by accidental electrical stimuli. Table 10-1 lists the highest electrostatic- 
discharge energies tolerated by an explosive at 5000 V without ignition. 


Toble 10-1. Highest electrostatic-discharge energy at 5000 V for zero ignition 
probability of explosives.^ 


Explosive 

Energy (J) 

Type of 

ignition 

Unconfined 

Confined 

Unconfined 

Confined 

Black powder^ 

>12.5 

0.8 

None 

Deflagration 

Explosive Db 

>12.5 

6.0 

None 

Detonation 

a 

0.025 

6.0 

Deflagration 

Detonation 

Lead azide 

0.0070 

0.0070 

Detonation 

Detona '•.ion 

Lead styphnate 

0.0009 

0.0009 

Detonation 

Detonation 

NC (13.4% N) 

0.061 

3.1 

Deflagration 

Deflagration 

KG (25®C) 

>12.5 

0.90 

None 

Detonation 

PETNb 

>11.0 

0.21 

None 

Detonation 

a 

0.062 

0,21 

Deflagration 

Detonation 

Tetrylb 

>11.0 

4.68 

None 

Detonation 

a 

0.007 

4.38 

Deflagration 

Detonation 

TNTb 

>11.0 

4.68 

None 

Detonation 

a 

0.062 

4.38 

Deflagration 

Detonation 


^ Through 100 mesh. 
^ As received. 
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10.1. DIELECTRIC CONSTANT 


The dielectric constant (e), also called relative permittivity, is 
density- and temperature-dependent; it is defined as the ratio of the 
capacitance of a condenser filled with the samnle material to the capacitance 
of the condenser having a vacuum between its plates. Table 10-2 gives the 
dielectric constants of several explosives. 

An empirical, logarithmic relationship has been established for 
two-component HEs composed of the same materials in different proportions.^ 
Figure 10-1 illustrates this mixing rule for TNT/RDX compositions. The 
relationship is expressed as: 

log log + 0^ log 


where 

relative per'mittivity of the mixture, 
*^l’ *^2 " permittivities of components, 

bf, 02 “ volume ratios of components. 


10-2 


1/85 




10-4 3/81 


Table 10-2, Dielectric constant, e, at room temperature 


Density, p Ig/cm3 (Mg/in3)] 


Material 


0-0.99 l.C-1.19 1.2-1.39 1.4-1.59 1.6-1.79 1.8-1.99 2.C-2.19 2.2-2.39 2.4-2.59 <4 C 


AN 

Baratol 
Boracitoi 
Comp B 

Comp B-3 (pressed) 

Cyclotol 75/25 

FPC 461 

HMX-I(P ) 

HMX-II(a) 

HMX-III(y) 

Kel-F 

Lead azide 
(a axis) 

(b axis) 

(c axis) 

LX-04~1 


'^7.13 3 

4.12b 2 

2.84b 2 

3.25b 2 

3.41C 4 

3.36b 2^5 

2.82d 6,7 

3.087e 8 

4.67ie 8 

3.867e 8 

3.00^ 9 

15 

17f 

120 f 

40 f 

3.44c 4 


0 
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Table 10-2 


(Continued) 


. Dielectric constant (c) at room temperature. 


Material 


Density, p [g/cm^ (Kg/m^)] 


0-0.99 1.0-1.19 1.2-1.39 1.4-1.59 1.6-1.79 1.8-1.99 2.0-2.19 2.2-2.39 2.4-2.59 <4 Ref. 


o 


Octol 

PBX-9404 

(pressed) 

PETN 


PETN 

(detonator grade) 
Picric acid 
Polystyrene 

RDX 

Sylgard 

Tetryl 


2.1028 2.3108 


2.49-2.55<^ 

2 . 61*1 


2.77b 

2.0598 2.1638 


2.4478 

2.5778 


2.7288 

2.9058 


2.7278 

2.8978 

2.95c 

3.5*1 

3.59 


3.14^ 


3.0978 

3.3048 


3.20e 

3.52C 


2 

4 

2/6.7 

4 

2.5 
16 

10,11 

12 

10,11 

2.6 
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Table iO-2 


Dielectric constant (e) at room temperature. (Continued) 


Density, p fg/cm^ (Mg/m^)] 


Material 

0-0.99 1.0-1.19 1.2-1.39 1.4-1.59 

1.6-1.79 

1.8-1.99 2.0-2.19 

2.2-2.39 2.4-2.59 <4 Ref. 

TNT (crysc.) 

2.048g 2.131g 2.6298 

2.795g 



6 

{cast) 

(a axis) 

(b axis) 

(c axis) 


2.88e 

2.564h 

2.347b 

2.083h 


2,6 

13 

13 

13 

Vitcn A 



10.5d 

14 


a 

Measured 

at 

9.52 GHz. 

b 

Measured 

at 

3 GHz. 

c 

Measured 

at 

25 GHz. 

d 

Measured 

at 

1 kHz. 

e 

Measured 

at 

5 KHz. 

f 

Measured 

at 

102-106 Hz 

g 

Measured 

at 

35 GHz. 

h 

Measured 

at 

10 kHz. 
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11. TOXICITY 


Toxic reactions can result from exposure to some HEs and components by 
inhalation of the dust or vapor, by ingestion, or by contact with the skin. 
Most explosives are not hignly toxic, but careless handling can result in 
systemic poisoning, usually affecting the bone marrow (blood-cell-producing 
system) and the liver. 

The following general precautions (LLNL standard operating procedures) 
should be observed on all HEs: 

1. The material should be handled only in a well-ventilated area. 

2. Skin contact should be avoided. Explosives can be absorbed through 
the skin, or they may cause skin rash (which is the most common 
symptom among explosives handlers). Daily baths and changes of 
clothing are recommended for persons engaged in HE processing. 

Toxicities, when known, are listed in Table 11-1. The toxicities of 
mixtures are like those of their components. 


Table 11-1. Health hazards of explosives and binders. 


Material 

Degree of toxicity 

Ref. 

Material Degree of toxicity 

Ref. 

AN 


Low 

6 

HMX 

Low 

6 

AP 


Low 

6 

HNAB 

Low 

12 

BDNP-F 


None 

1 

HNS 

Low 

12 

BTF 


Low 

l6 

Lead azide 

High 

6 

Cab-O-Sii 


Low 

2 

NC 

None 

6 

CEF 


Moderate 

3 

NG 

High 

6 



when ingested 


NM 

Moderate 

6 

Comp C-4 


Moderate 

4 

NQ 

High 

6 

DATE 


Low 

14 

PETN 

High 

6,15 

DEGN 


Moderate 

5 

Picric acid 

Moderate 

9 

DIPAM 


Moderate 

6 

RDX 

Low 

13,15 

DOP 


Low 

7 

TATB 

Low 

14 

Estare 


None 

8 

Tetryl 

High 

6,15 

Exp]osive 

D 

Moderate 

9 

TNM 

Very high 

6 

FEFO 


High 

10 

TNT 

Moderate 

6 

FPC 461 


Low 

11 
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II. MOCK EXPLOSIVES 



12. INTRODUCTION 

A series of mock materials has been formulated that duplicate 
compositional, mechanical, or other properties of HEs but lack their hazards. 
These explosive simular/’s have proven convenient for test purposes because of 
their relative insensitivity. Characteristics and properties of these mocks 
are summarized in this section ac('"'rding to the same scheme used for HEs in 
the preceding section. 

A mock HE is a nonexplosive equivalent of a particular explosive 
formulation. The approved all~purpose mock for LX-04-1 might be called 
LM-04-1 at LLNL. However, mocks seldom pair in one-to-one relation with the 
corresponding HE. For PBX-9404, for example, there are three separate mocks: 
a compositional mock, a physical—property mock, and a thermal mock. For this 
and other reasons too involved to explain here, no attempt is made to achieve 
correspondence beyond the class designation. 

Selection of the best mock HE for a specific purpose involves the 
following steps: 

• Selection of the properties to be mocked . Some examples are: 

1. Atomic composition. 

2. Density. 

3. Thermal properties. 

a. Coefficient of thermal expansion. 

b. Heat transfer properties (see Section 15). 

4. Mechanical properties. 

a. Elastic behavior. 

b. Viscoelastic behavior. 

c. Failure behavior. 

• Comparison with the HE of interest over the appropriate temperature 
range . This may be done either by direct comparison of properties 
or by comparison of results from analytical calculations. 
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13. MOCK EXPLOSIVES - NA^ffiS AND FORMULATIONS 

Formulations of mock explosives contain about 0.05% of a red pigment that 
uniquely identifies them as a class of materials. Table 13-1 lists their 
compositions. 


Table 13-1. Formulations of mock explosives. 


Mock HE 

Explosive and 
properties mocked 

Composition, 

wt% 

900-10 

FBX-9404: mechanical 

Pentaerythritol 

48.0 


properties 

Ba(N03)2 

46.0 



NC 

2.8 



CEF 

3.2 

900-15 

PBX-9501: thermal 

Ba(N03)2 

84.5 


properties 

Polystyrene 

11.6 



DOP 

3.9 

900-19 

PBX-9502 

Cyanuric acid 

95 



Kel-F 800 

5 

905-03 

PBX-9404 and LX-10: 

Cyanuric acid 

60 


atomic composition 

Melamine 

32 



NC 

4 



CEF 

4 

LM-04-0 

LX-04: atomic composition^ 

Cyanuric acid 

59.7 



Melamine 

23.5 



Viton A 

16.8 

RM-04-BG 

LX-04: mechanical properties— 

Cyanuric acid 

70.5 


static and dynamic 

Ba(N03)2 

14.5 



Viton A 

15 


® Although designed as an atomic-composition mock, LM-04-0 can also be used 
as an approximate mock of the mechanical properties of LX-04-1 at ambient 
conditions. 
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Ik. MOCK EXPLOSIVES - PHYSICAL PROPERTIES 


Table 14-1 gives the densities and elemental compositions of mock 
explosives• 

Table 14-1. Physical states, densities, and atomic compositions of mock HEs. 


Mock HE 

Physical 

state 

Diiisity, p 

TMI) Nominal density 

C 

Elemental composition 

H N 0 Other 

[g/cm^ (Mg/ra^)] 

Ig/cm^ (Mg/m^)] 

900-10 

Solid 

1.89 

1.88 

1.89 

4.44 

0.38 

2.62 

Ba 

0.18 









Cl 

0.03 









P 

0.01 

900-15 

Solid 



2.30 

2.23 

2.21 

2.21 

Cl 

0.04 









F 

0,13 

900-19 

Solid 

• » 

1.64 

2.32 

3.18 

2.96 

: .60 

Cl 

0.04 









P 

0.01 

905-03 

Solid 

l.v'.O 

1.60 

1.13 

1.27 

0.65 

1.98 

Ba 

0.32 

LM-04-0 

Solid 

1.727 

1.70 

2.34 

2.66 

2.51 

1.39 

F 

0.63 

RM-04-BG 

Solid 

1.914 

1.87 

2.02 

1.86 

1.75 

1.97 

Ba 

0.06 









F 

0.54 

^ Molecular weights of these mixtures are arbitrarily taken 

as 100 

' * 
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15. THERMAL PROPERTIES 


This section contains information oh the selection of heat transfer 

properties, thermal conductivities (X), coefficients of thermal expansion 

(GTE), glass transition points (T ), specific heats (C ), and indications 

O P 

of thermal stability (DTA). 

Table 15-1 shows how to select the appropriate heat-transfer properties 
to be simulated. This table is based on mocking the temperature under 
specific conditions. In steady-state problems with insulated or 
prescribed-temperature boundary conditions, thermal properties have no 
significance and any material could be used. 


Table 15-1. Criteria for selection of heat-transfer properties to be mocked. 


Transient 

Boundary conditions problems^ 


Steady-state 

problems® 


No heat generation 
Insulated 

Prescribed temperature 
Prescribed heat flux 
Convection 

Heat generation 
Insulal d 

Prescribed temperature 
Prescribed heat flux 
Convection 


a 

a 

a,X X 

a,X X 

o,X X 

a,X X 

ct,X X 

a,X X 


® Here X = thermal conductivity, o X/p. 
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15.1. THERMAL CONDUCTIVITY AND SPECIFIC HEAT 


Specific heats were deterriined by an ice calorimetric technique. Table 
15-2 gives the data; Figs. 15-1 and 15-2 show thermal conductivity and 
specific heat as functions of temperature. 


*J *) 

Table 15-2. Thermal conductivities (x)^ and specific heats (C ). 

P 


Mock HE 


X 


C 

P 


Btu/hr-ft-'F 

(10 cal/cnr”3ec‘'C) 

(W/m-K)® 

tfltu/lb-“F, 

cal/g-®C] 

(kJ/kg-K)^ 

900-10 

0.31 

(12.8) 

(0.54) 

0.23 

(0.96) 

900-15 

— 

10.8 

(0.45) 

— 

— 

900-19 

— 

24.9 

(1.04) 

— 

— 

905-03 

0.36 

(14.9) 

(0.62) 

0.29 

(1.21) 

LM-04-0 

0.59 

(24.3) 

(1.02) 

0.28 

(1.17) 

RM-04-BG 

0.66 

(27.2) 

(1.14) 

0.24 

(1.004) 

a One ca 

l/cnr-sec“®C “ 

4.184 X 102 W/urK; 1 

Bt,u/hr-f t- 

“F “ 0.00414 



cal/cin-8ec-“C « 1.73 W/m-K. 

bOne Btu/lb-^F =■ 1 cal/g-’C - 4.184 kJ/kg-K. 
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Fig. 15-2. Specific heat (Cp) of mock HEs as a function of temperature. 
Conversion factors: 1 Btu/hr-ft-"®F ■ 1.73 W/m-K; 1 cal/cm~8ec-®C ■ 4.184 x 
102 W/m-K. 
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15.2. THERMAL EXPANSION 


Early GTE data for cyanuric acid-type mock HEs were affected by surface 
chalking and grov;th; this is now prevented bv a Parylene coating. GTE data 
are given in Table 15-3. 


Table 15-3. Goefficients of thermal expansion (CTE)a,3 and glass transition 
temperatures 


Mock HE 


Linear 

■ GTE 

(a) 


10 ^ in./in. 

[ 10 ^ cm/cm-® 
-®F (ym/m-K)] 

C 

“F 

Temperature 

(K) 

900-lG 

15.5 

(27.9) 


-65 

to -30 (219-239) 


23.3 

(41.9) 


-10 

to 165 (250-347) 

905-03 

20.8 

(37.4) 


-65 

to -10 (219-250) 


29.5 

(53.1) 


10 

to 165 (261-347) 

LM-0^-0 

2' .5 

(38.7) 


-65 

to -24 (219-243) 


43.9 

(79.0) 


10 

to 165 (261-347) 

RM-04-BG 

19.2 

(3i4.6) 


-65 

to -20 (219-244) 


37.5 

(67.5) 


0 

to 165 (255-347) 



Cubic 

GTE (0) 





(10 ^ cm/cnr-"C 

Temperature 

T 

g Pressed density p 

Mock HE 

(uni/m~K) ] 

(K) 

•f 

(K) 

(g/cm"' (Mg/m”')] 

900-10 

— 

— 

-18 

(245) 

1.880-1.882 

905-03 

— 

— 

-18 

(245) 

1.574-1.589 

LM-04-0 

— 

— 

-18 

(245) 

1.705-1.715 

RM-04-BG 

199.4 meas.4 

-30 to 70 

-■18 

(245) 

1.80 


198 calc. 

(243-343) 





a One in./in.-^F “ 1.8 cm/cm-‘’C = 1.8 ra/m-K. 


3/81 


15-5 




15.3. THERMAL STABILITY 


Mock HE 900-10 has been widely used for many years, both at LLNL and at 
LANL, where it was originally formulated. However, it can be considered a 
low-grade propellant since it contains a fair amount of Sav. 
burns in air with a sooty flame. Decomposition at 250“C (523 K) results in 
about 117 ml of gas evolved per gram of material. TIGER calculations were 
made for approximations of volume burn. The solid products of combustion have 
not been clearly identified; they could be either BaCO^ or BaO. If we 
assume that the more energetic BaCO^ is a product, the calculated energy 
equivalent is about one-third that calculated for TNT. Many differential 
thermal analyses (DTAs) have been made; they all show a characteristic 
exotherm (see Fig, 15-3). Mock HE 900-10 is difficult to ignite and does not 
propagate a detonation, but it is definitely an exothermic material. It is 

strongly recommended that 900-10 not be used in experiments involving fissile 

. 5 

materials. 

RM-OA-BG contains relatively less Ba(N02)2. TIGER calculations for 
its volume burn indicate that more heat is required to decompose it than is 
provided by the final oxidation; nevertheless, RM-04-BG does show a small 
exotherm at AQO^C (673 K), Clearly RM-04-BG presents less of a potential 
hazard than mock 900-10, but it also should not be used for experiments with 
fissile materials.^ 

The thermal stability of explosive simulants was studied using DTA (see 
Fig. 15-3).^ 
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16. MECHANICAL PROPERTIES 


The data presented here^ are for each mock HE without comparison with 
the corresponding live HE. A mechanical mock can best be selected by 
selecting the appropriate mechanical property to be simulated and then 
comparing that property with the available data for the HE. 


16.1. TIME- AND RATE-DEPENDENT MECHANICAL PROPERTIES 


Included here are data on failure envelope, initial modulus (Eq), and 
tension creep. 

16.1.1. Tensile tests 


Failut*e envelope . Figure 16-1 shows failure envelopes of mock HEs at 
constant strain rate. 

Initial uniaxial modulus . Figure 16-2 shows initial uniaxial modulus 
Eq vs temperature. 

Tensile creep . Figure 16-3 shows tensile creep compliance for explosive 
simulants at different temperatures at 50 psi (0.345 MPa). 

High-strain-rate tensile tests . The Hopkinson split-bar technique was 

used to determine the compressive stress-strain properties of mock HE and 
• 3 

Viton. The results are shown in Fig. 16-4. 

16.1.2. Compressive tests 

Compressive stress-strain . Figure 16-5 shows uniaxial compression data 

. . 2 
for RM-04-BG at various strain rates. 

Compressive creep . Figure 16-6 shows compressive creep of RM-04-BG at 
constant strain rate of 0.1 s~^ and at ambient temperature. 
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2S0 300 350 400 

Tsmperoture — K 


Fig. 16-2. Initial uniaxial modulus Eq vs temperature. Conversion factor: 
1 psi “ 6.895 kPa. 
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RM“04-BG data 
Vlton-A data 
Extrapolation 


Tangent inodulus 
at 2% strain- 


Stress ot 
7% strain 


Strain rate — in ./in ./sec (ttv/m-s) 


?ig* 16-4. Tensile stress and tangent moduli for RM-04-BG and Viton as 
function of strain rate.^ Also shown is the ultrasonically determined 
modulus Eu, Conversion factor: 1 psi •- 6.895 kPa. 




















Sto/age modulus (G'> — Pa; loss modulus {G") — Pa 


16.2. COMPLEX MODULUS PROPERTIES 


16.2.1. Coniplcx shear 

The coinponent-.s of Lhe complex shear modulus G* (storage modulus G', loss 
modulus G", and tan 6 = G'/G") have been measured with a Rheoraetric 
Mechanical Spectrometer (RMS). Results are shown in Fig. 16'7. 

16.3. FRICTION 

Static coefficients of friction are listed in Table 16-1. The kinematic 
coefficient of friction for RM-04-BG is shown in Fig. 16-8. 



Fig. 16-7. Shear storage and loss moduli and tan 6 for 900-10.^ 
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Table 16-1. Static friction of mock HEs 


6 


Aluminum 


Contact surface and roughness 

_ Dry _ 

Plexiglas M 


Mild steel 







Shock vtilocify — mm/^itec (km/s) 


16.4. KUGONIOT DATA 


16.4.1. Shock loading 


Results from narrow-pulse flyer plate impact tests are shown in Fig. 16-9 
as a plot of particle velocity vs shock velocity. Input and output pulses 
were generated experimentally at three depths in explosive simulants by a 
0.28-mm thick, foam-bucked aluminum plate. Figure 16-10 shows sustained 
shock-loading effects from flyer-plate impact tests. Output pulses were 
generated experimentally at three depths (mm) in explosive simulants by a 
3.05-mm thick, foam-backed aluminum impactor. 

16.4.2. Sound velocities and unreacted Hugoniots 

The Hugoniots of unreacted mock HEs were determined from Marsh's measured 

Q 

sound velocities (Table 16-2) and are sununarized in Table 16-3. 



Fig. 16-9. Shock velocity vs particle velocity for mock HEs and LX-04-1.9 





GPa 













i*vl 


Time — Hi 


905-03 





Time - 


Fig. 16-11. Output pulses generated experimentally at three depths (2, 6 
and 10 ram) in mock 900-10, 900-19, and 905-03 by a 3.05-ranrthick aluminum, 
foanr-supported impactor. The impact velocities (km/s) ware (a) 0„210, 

(b) 0.298, and (c) 0.416.^® 









Table 16-2. Sound velocities. 


Mock 

Density, p 


c 

s 

% 

[g/cm^ (Mg/m^)] 

(km/s) 

(km/s) 

(km/s) 

900-10 

1.84 

3.22 

1.56 

2.67 


1-88 

3.21 

1.56 

2.65 

900-19 

1.64 

2.59 

1.29 

2.12 

905-03 

1.61 

2.70 

1.48 

2.09 


1.60 

2.22 

1.16 

1.96a 


^ This sample was found to be anisotropic> and its bulk velocity wss 
estimated from additional measurements on another sample. 


Table lb-3. Least squares fits for Hugoniots of unreacted mock HEs. 


Density, p 


Mock 

[g/cm^ (Mg/m^)| 


Equation 


Range 

(km/s) 

900-10 

1.84 

U - 

2.70 + 1.62 

U 





s 


P 



905-03 

1.61 

U = 

2.67 + 1.57 

U 

U < 

6.28 


8 


P 

8 



1.61 

Us = 

3.39 + 1.25 

^P 

Us > 

6.27 
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III. FOIIMULATION DESIGNATIONS (CODES) 


This section defines and describes the codes in use at L'LNL and LANL for 
designating explosive materials. Three categories of explosives are covered: 
LLNL formulations in production, LLNL research formulations, and LANL PBX 
designations. The code for each type is distinctive and easily recognized. 


17. LLNL CODE DESIGNATIONS 

17.1. FORMULATIONS IN PRODUCTION (LX CODE) 

A specific code designation in this category is assigned to an explosive 
when the state of development of its formulation has reached the point where: 

1. A set of reasonable manufacturing specifications can be written for 
the developed formulation. 

2. The evaluation of the material's chemical, physical, explosive 
properties and sensitivity is essentially complete. 

3. The material has a definite application. 

This code consists of the two letters (LX), a dash, two digits, a second 
dash, and a single digit. Thus we have LX-Ol-O, LX-02-1, ..., LX-05-0, etc. 
The first pair of digits is an arbitrary serial number assigned in sequence. 
The final digit denotes a subclass in the series; it indicates the small 
changes in manufacturing specifications that inevitably occur. For example, 
when LX-04“0 has undergone a revision of explosive particle size, new lots 
manufactured under the revised specification are identified as LX-04-1. 

LX-01 A liquid material, characterized by a wide liquid range [-65® to 

+ 165®F (219-347 K)), modeirate energy release, and good stability and 
sensitivity properties. 

LX-02 A material of puttylike texture characterized by its ability to 

propagate in very small diameters. LX-02 is derived from a series of 
DuPont formulations, the EL-506 series. Its inmiediate predecessor in 
development, called E1.-506 L-3, represented one of several LLNL 
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■LX-04 


LX-07-2 


LX-08 


LX-09 


LX-10 


LX-11 


LX-13 
LX-14 


LX-15 
LX-16 
LX-17 


modifications to DuPont's EL-506D. EL-506 L-3 became LX-02-0, and 

differed from the above composition by includins a few tenths of a 
percent of a red dye (DuPont Oil Red). Later, the dye was omitted 
because it tended to migrate out oi. the explosive under certain 
conditions. 

A solid explosive characterized by excellent mechanical and 
compatibility properties, an energy release about 9% less than LX-09, 
and sensitivity properties much superior to LX-09. 

A modification of LX-04 with a higher energy release (5% less than 
LX~09) obtained at the expense of some degradation in mechanical 
properties (e.g., less elongation) and in sensitivity. 

An extrudable, curable explosive developed for use in Dautriche 
timing tests. 

An explosive similar to the LANL explosive PBX-9404 but with 
significantly improved thermal stability and slightly poorer physical 
properties. 

An explosive in the same energy class as LX-09 and PBX-9404 but that 
uses HMX and Viton A like LX-04 and has excellent thermal 
characteristics. It also exhibits high creep resistance but may be 
somewhat more sensitive than the other HEs. 

An explosive like LX-04 but intentionally degraded in energy by 
adding an additional 5X binder. 

A variant of the LANL explosive XTX-8003, 

An explosive similar to PBX-9404 in energy but that uses HMX and 
Estane (like PBX-9011) and has excellent thermal characteristics. It 
exhibits higher creep resistance than LX-10 and sensitivity similar 
to LX-04. 

A booster explosive based on HNS and used for detonator applications. 

A booster explosive based on PETN and used for detonator applications. 
A solid explosive characterized by dramatic insensitivity to 
mechanical stimuli, outstanding mechanical and compatibility 
properties, and an energy release about two-thirds that of PBX-9404. 

It uses TATB and Kel-F 800. 
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17.2. RESEARCH EXPLOSIVES (RX: CODE) 


Research and development programs generate a great variety oi explosive 
formulations that never enter "production." These materials are designated 
"Research" explosives, and are identified by a code patterned after the LX 
code. The code is applied to all materials formulated in large amounts or 
handled by large numbers of people. 

The RX code consists of the letters RX, a dash, two digits, another dash, 
and two capital alphabetic characters. Thus we might have RX-Ol-AA, RX-13-XD, 
etc. The two digits, assigned arbitrarily in sequence, define a general class 
of formulation. Thus, RX-01 refers to nitromethane liquid formulations, RX-02 
to PETN extrudable formulations, etc. The two final letters in the code, also 
assigned arbitrarily in sequence (AA, AB, etc.) refer to a specific 
formulation within that general class. No correlation exists between RX and 
LX code-number sequences. 

RX-01 Liquid materials containing nitromethane. 

RX-Q2 Extrudable materials containing PETN. 

RX-03 Solid, plastic-bonded materials containing DATB or TATB. 

RX-04 Solid, plastic-bonded materials composed of HMX and fluorocarbon 

elastomer. A specific example is RX~04-AB (HMX/Viton A 85/15); the 
HMX is defined as Holston's Class A. This material is for research 
purposes only; it is very much more sensitive than LX-04 having the 
identical chemical composition. 

RX-05 Solid, plastic-bonded materials based on HMX and polystyrene. 

RX-06 Extrudable materials based on HMX/4,4-dinitropentanoic acid ester 
formulations. 

RX-07 Series A: Cyclotols (RDX/TNT) containing various additives. Series B: 
LX-07-type explosives. 

RX-08 Research explosives based on formulations of HMX, energetic liquids, 
and polymers. These explosives are primarily for use in 
polymerization/pressure-casting experiments. 

RX-0 9 Research explosives based on formulations of HMX and energetic 
binders. The binders are primarily based on plasticized 
poly(2,2-dinitropropylacrylate). These explosives are inteiided to be 
high-energy formulations replacing PBX-9404. 
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RX-10 Rigid plastic-bonded explosives containing RDX and a fluorocarbon 

binder. They are primarily designed as insensitive replacements of 
PBX-9010. 

RX-l'* Rigid plastic-bonded explosives containing HMX and a light metal 
perchlorate. 

RX-l2 Inert metal-loaded formulations of HMX/Viton. 

RX-13 Potentially explosive materials compounded to produce color changes 
from the heat produced upon impact. 

RX-14 HMX/polyethylene formulations. These explosives possess a very high 
degree of insensitivity, even though they are formulated with 
relatively low volume percentages of binder. 

RX-I5 PETN-or BTF-based rigid PBXs. 

RX-16 HMX/silicone formulations made in paste or putty form using a spray-on 

catalyst. 

RX-l7 HMX-based rigid explosives using various binders and energetic 
plasticizers. 

RX-l8 Paste explosives containing HMX and a perchlorate. The carrier fluid 
is energetic (e.g., EUNP or PEPO). 

RX-19 An extrudable explosive consisting of Class-E HMX and water with a 
reinforcing .agent (suci» as milled glass fibers) and a wetting agent. 

RX-20 Research explosives based on HMX and an energetic binder. 

RX-21 Research explosives based on HMX, « perchlorate, and energetic binders. 

RX-22 Research explosives for exploring advanced energy concepts. 

RX-23 Liquid explosives based on hydrazine. 

RX-24 Research explosives containing HMX, PVC/PVA, and graphite, 

RX-25 Research explosives based on HMX, a light metal, a perchlorate, and a 

binder. 

RX-26 High-temperature composite explosives based on TATB. 

RX-27 High-temperature explosives based on TACOT. 

RX-28 Conventional high-temperature plastic-bonded exploiives. 

RX-29 Explosives consisting of separate components that ar-. nondetonable 
until mixed. 

RX-30 Research explosives based on gelled nitromethane and various 
perchlorates. 

RX-31 Blasting agents containing aluminum, gelled nitromethane, and ammonium 
nitrate. 
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RX-32 Explosives containing RDX, perchlorates, and curable binders. 

Primarily for use in polymerization casting experiments. 

RX-33 Low-density explosives containing appreciable bulking agents such as 
foam, hollow beads, etc. Density is generally less than 1.2 g/em'^, 
RX-34 Non-ideal research explosives based on ammonium nitrate. 

RX-36 Explosives containing HMX, TATB, and BTF. 




18. LANL CODE DESIGNATIONS 


The Los Alamos National Laboratory has a number code for designating PBX 
materials that reach the stage of pilot or full-scale production. The code 
consists of four digits, a dash, and two more digits (for example, 9010-02). 
The first two digits give the weight percentage of the major explosive 
ingredient in the formulation. The next two digits represent an arbitrary 
serial number, assigned in sequence as materials are developed. The digits 
following the dash represent a second arbitrarily assigned serial number to 
designate different modifications of a given formulation. Thus, PBX-9010-02 
is a material that contains 90 wt% of the major explosive ingredient, is the 
tenth 90%-material to be developed, and is the second modification of that 
particular composition. 

The last two digits are often deleted in references to LANL materials. 
Thus, production PBX-9404 should, strictly speaking, be designated 
PBX-9404-03. The -03 designates a product manufactured in Holston equipment 
from HMX with a particular particle-size distribution. 

LANL research explosives carry the designation X followed by a four-digit 
number. 
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IV. DATA SHEETS: COLLECTED PROPERTIES OF 
EXPLOSIVES, ADDITIVES, AND BINDERS 


19. DATA SHEETS 


This section contains the assembled data sheets of properties of 
individual explosives and related materials of continuing interest to this 
Laboratory. Seme property data given in Section I have been omitted from the 
data sheets. For example, critical diameters are listed only in Table 8-10. 
For details, conversion factors, and references, please refer to Section I. 

The symbols and units used in these data sheets are listed in Table 19-1. 


Table 19-1. Symbols and units used in the data sheets. 


Property 

Symbol 

Unit 

Boiling point 

b. p. 

“C (K) 

Chapman-Jouguet pressure 

^CJ 

kbar (GPa) 

Coefficient of thermal expansion: 
linear 

a 

pm/ iir-K 

cubic 

3 

pm/m-K 

Complex shear modulus 

G* 

Pa 

Creep compliance 

J 

m^/N 

Crystal data 

— 

A 

Density 

P 

g/ext? (Mg/m^) 

Detonation velocity 

D 

mm/psec (km/s) 

Dielectric constant 

e 

- 

Drop weight sensitivity 

»50 

m 

r\ 

Energy (cylinder test) 

^cyl 

(nun/psec) (MJ/kg) 

Gap test 

Gap 

rail (mm) 

Glass transition temperature 

T 

g 

-F (K) 

Heat of detonation 

^»det 

kcal/g (kJ/kg) 

Heat of formation 

AHf 

kcal/mol (kJ/mol) 

Initial modulus 

E 

o 

GPa 

Melting point 

m. p. 

“C (K) 
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Table 19-1. Symbols and units used in the data sheets. (Continued) 



Property Symbol Unit 


Molecular refraction 

R 

- 

Molecular weight 

MW 

- 

Refractive index 

n 

- 

Skid test 

Skid 

ft (rn) 

Solubility 

Sound velocity: 

sol; 

• 

bulk 

cb 

km/s 

longitudinal 


'km/s 

shear 

Cg 

km/s 

Specific heat 

c 

cal/g-^C (kJ/kg-K) 

Thermal conductivity 

X 

cal/sec“cm-®C (W/m-K) 
Btu/hr-ft-"F (W/m-K) 

Vapor pressure 

v.p. 

mm Hg (Pa) 








EXPLOSIVE: AMATOL 80/20 


DESIGNATION: 


Amatol 80/20 


2. STRUCTURE OR FORMULATION 



4. PHYSICAL PROPERTIES 


Ph/sical stato: solid 
Color: buff/ycllow 

At. comp.: *'2.26 °3.53 

MW: 100 

Density (g/cm ): TMD: 1.710 

Nominal: 1.^6 cast 


m.p. (»C(X)): 
b.p. rC(K)): 
v.p. (nm Ug (Po)): 


6. THERMAL PROPERTIES (continued) 


Tg (“F (K)): 

Cp(col/g-"C(kJ/kg-K)): 


Thermal stability (cm of gas evolved ct 120 ®C 
(393 Kl: 

0,25 g for 22 hr: 

I g for 48 hr: 


8, DETONATION PROPERTIES 


D (mm/ a«oc (km/s)): 5.2 

P^j (kba. (10"’ GPa)): 

Meas.: 

Cdic.: 


(P= 1.6 ) 


Ej,yl({mm/Msec)^/2 (MJ/kg)): (p = 


Gystal data: 


19 mm: 


9. SENSITIVITY 


Hen (n): 


12 tool 12B tool 


Susan lest: 


5. CHEMICf.L PROPERTIES 




Calc: 1-20 ( 5.02 ) 0.976 (4.08) 

Exp: 1-02 (4.27) Skid test: 


A (kcal/lOOg (kJ/lOOt;)): -88.6 (-370.8) 


Impoctongle (deg (rod)) Drop ht. (ft (m)) Event 


Solubility ($-sol., si -si. sol. / i - insol.): 


Gop test (mils (mm)): 


6. THERMAL PROPERTIES 


10, ELECTRICAL PROPERTIES: 
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Amatol 80/20 

7. MECHANICAL PROPERTIES 









EXPLOSIVE: AMMONIUM NITRATE 


DESIGNATION: 


AN 


2. STRUCTURE OR FORMULATION 



4. PHYSICAL PROPERTIES 

Physical state; solid 

Color: clear 

At. comp.: NH^NO^ 

MW; 80.05 

Density (g/cm^); TMD: 

1.725 


Nominal; 

1.72 


m.p. (“C (K)): 169 (442) 



b.p. (“C (K)); dec. 210 (483) dec. 


v.p. (mm Hg (Po) ): 



Crystal data: AN III 

AN 11 

AN I 

Orthorhomic 

Tetragonal 

Cubic 

(Pnnia) 

(P4/mbm) 

(Pm3m) 

a ■ 7.72 

5.7 

4.37 

b “ 5.85 
c - 7.16 

4.93 


R; 

n; 1.53 



5. CHEMICAL PROPERTIES 

•A Hj^j (kcal/g (MJ/kg)): 


°(9) 

(Sale: 



Exp; 



A Hj (kca!/ mol (kJ/ mol)); 

“87.27 (-365.1) 


Solubility (s -'joI ., si-si. sol 

., i - insol.): 


s—water, DMFA, nitric acid 


si — ethanol, pyridine 



i— acetone, ethyl acetate 

, ethyl ether 



6 . THERMAL PROPERTIES 


X: 2.y-J.9 ^ 10‘‘* cal/cni-sec-’C (0.121-0.163 W/m-K) 
CTE: 0 » 982 gm/ni-K at 293 K 


6 . 'HERMAL PROPERTIES (continued) 


T (“F (K)): 

9 

Cp (cal /g-^C (kJ/kg-K)): 

Est. 0.4 at 0*C (1.67 at 273 K) 

3 

Thermal stabilii>' (cm c.f ccis evolved at 120 “C 
(393 KV, 

0.25 g For 22 iir: 

1 g for 48 hr; 


1 8 . DETONATION PROPERTIES 

D (mm/psec (km/$)): -1.5 

(p= 

-0.7 ) 

P^j (kbor (10 ^ GPo)); 

(p= 

) 

Meat.: 



Calc.: 



£^^f((mm//utec)^/2 (MJ/kg)); (p- 

) 

6 mm; 



19 mm: 



! 9. SENSITIVITY 

H 50 M: 

12 tool 

12 B tool 

5 kg: 

— 

— 

2.5 kg: 

1.36 

>3.20 

Susan test: 



Skid test: 



t Impocf angle (deg (rod)) Drop (ft (m 

)) Event 



10. ELECTRICAL PROPERTIES; 


~7.1 


(o - 1.67) 


11. TOXICITY 


Low 
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EXPLOSIVE: AMMONIUM PERCHLORATE 


DESIGNATION: 


2. STRUCTURE OR FORMULATION 



4. PHYSICAL PROPERTIES 


Ph/tical stale: solid 

Color: white 

At. comp.: NH^ClO^ 

MW; 117.5 

3 

Density (g/cm ): TMD: 1.95 

Nominol: 

m.p. (*C(K)); >220 with dec. (493 dec.) 

b.p. rC(K)): 

v.p. (mm Hg (Pa)); 


6 . THERMAL PROPERTIES (continued) 


T CF (K)): 

9 

Cp (cai/g-“C (kJ/kg-K)): 

Est. 0.31 at 15-240‘C (1.29 at 288-513 K; 
Est. 0.37 at >240*C (1.53 at >513 K) 

Thermal stability (cm of gas evolved at 120 *C 
(393 K); 

0.25 g for 22 hr: 

I g for 48 hr; 


8 . DETONATION PROPER'.lES 


D (mm /mscc (km/s)): ( p- 


P^j (kbar (10"' GPa)): 


Cole.; 187 


(P= 1.95 ) 


/2 (MJ/kg)): (p = 


Crystal data: Orthorhomic 
<240*C (Pnma) 

a - 9.23 
b - 7.45 
c - 5.82 


Cubic 

>240*C (F43m) 


9, SENSITIVITY 


*^50 


12 tool 12B tool 


n: 1.48 


Susan test: 


5. CHEMICAL PROPERTIES 


AH. (kcal/g (MJ/kg)): ^2° (i ) V (g) 


A Hj (kcol/mol (kJ/mol)): -70.58 (-295) 


Solubility (s -sol., si ~sl. sol., i - insol.): 
R—DHFA, water 
si—acetone, ethanol 
1—ethyl ether, ethyl acetate 


6. THERMAL PROPERTIES 


X: 12.0 X lO"^ cal/cm-sec-"C (0.502 W/m-K) at 323 K 
CTE: (, . ^40 um/ra-K at 293 K 


Skid test; 

Impoct orsgle (deg (rod)) Drop ht. (ft (m)) Event 
























7. MECHANICAL PROPERTIES 


Sound velocity (km/s): 
(p - 1.95) 












EXPLOSIVE: BARATOL 


DESIGNATION: 


Baratol 


7. STRUCTURE OR FORMULATION 


wtZ 

TNT 24 

Ba(N02)2 76 


4. PHYSICAL PROPERTIES 


Physical state: solid 
Color: 

At. comp.: 24«o.53”o.90°2, 38“''o.29 

MW: 100 

Density (g/cm^): TMD: 2.63 

Nominal; 2.60-2.61 

m.p. (®C (X)): 79-30 (352-353) 
b.p. ("C(K)): 

v.p. (mm Hg (Pa)): 0.1 .-it 100*0 (13.33 at 373 K) 


Crystal ckitg: 


6. THERMAL PROPERTIES (continued) 


Tg (“F (K)): 

Cp(cal/g-'>C (kJ/kg-K)): 

Exp. 0.157 at 30*C (0.657 at 303 K) 

2 

Thermal stability (cm of gas evolved at 120 *C 
(393 K): 


0.25 g for 22 hr: 0.015-0.02 
1 g for 48 hr: 0.19 


8. DETONATION PROPERTIES 


D (mm/nsec (km/$)); 4.87 


P^j (kbar (>''"’ GPa)): 

Meas.: — 

Calc.: 140 


(p= 2.55 ) 

(p= 2.61 ) 


Ecyi((mm/p$ec) /2 (MJ/kg)): (p = 
6 mm: 

19 mm: 


9. SENSITIVITY 


Hgo (m): 

5 kg: 
2.5 kg; 

Susan test: 


12 tool 12B tool 
0.95 

0.68—1.4 0.98—1.8 


5. CHEMICAL PROPERTIES 


A (kcal/g (MJ/kg)): ^2° (i () (g) 

Calc: 0.74 (3,10) 0.72 (3.01) 

Exp; 

A (kcal/ioon; (KJ/IOOr)); -70.6 (-.’96) 

Solubility (s - sol. / si -si. sol., i - insol.): 


6. THERMAL PROPERTIES 


4: 11.84 X lO"^ cal/cni-sec-*C (0.495 W/m-K) at 

Qji:. 291-348 K 


a - 33 + 0.26T pm/ra-K at 233-333 K 


Skid test: 

Impact angle (deg (rad)) Drop ht. (ft (m)) Event 



10. ELECTRICAL PROPERTIES: 


4.12 


I 


(p - 2.59) 


11. TOXICITY 
















Baratol 

7. MECHANICAL PROPERTIES 
Sound velocity (km/s): Cj^ 

(p - 2.611) 2.95 1.48 2.40 


Initial modulut 


&Mp 

NOTES 



Temperature - *C 

OTA (—) and pyrolysis (—) curves 


Failure envelope 


19-10 
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MATERIAL: BIS(2,2-DiNITROPROPYL)ACETAL/ 
niS(2.2-DINITROPROPYL)FORMAL (Plastioizer) 
50/50 wtX 

DESIGNA'ION: BDNPA-F 

SUPPLIER : — 

2. STRUCTURAL FORMULATION 

wt% f's 

BDNPA "STT CH2C(N02)2CH2-0-CH-0-CH2C(N02)2CH2 

HDNPt' 50 CH3C(N02)2CH2-0-CH2-0-CH20(N02)2CH3 

4. PHYSICAL PROPERTIES 

Physical stafe : liquid 

Color: straw 

At, comp. ; 

MW; 

Dansity (g/ctr?) : TMD : 

Noniixil : 1,383-1.397 at 
m.p. rC(K)): 25»C(298 K) 

b.p. f'C (K) ) : ~1.50 at 0.01 mm Hg (~r(23 at; 1.33 Pa) 
v.p. (mm Hg (Po) ) : 

Brittle point (K) ) i 

f.p. CC (K) ) : <-5 «2G8) 

Crystal Goto : 

R : 

n: 1.462-1,464 at 26“C (298 K) 

Shoro harrJness : 

5. CHEMICAL PROPERTIES 

7. MECHANICAL PROPERTIES 

AHf (kcal/mol (kj/mol) ) : 

-4G.38 koal/100 g (-194.1 kJ/O.l kg) 

Solubility (s-$ol., $l-sl. sol., i-in$ol.): 
s - ber^zene, toluene 
i - water 

Tensile strength (psi (kPa) ): 

Elongation (®/<) : 

6. THERMAL PROPERTIES 

10. ELECTRICAL PROPERTIES 

A ; 

CTE : 

Tg CF (K) ) : 

C (cal/g'®C(kJ/kg-K) ) : 

P 

f ! (p = 

II, TOXICITY 

None, 

.— . ... ' ■ ..... 


NOTES 





















BDNPA-F 





EXPLOSIVE: BLACK POWDER 


DESIGNATION: 


Bbck Powder 


2. STRUCTURE OR FORMULATION 


wt% 

KNO^ or NaNO^ 75 
Charcoal 15 
S 10 


4. PHYSICAL PROPERTIES 


Physical state: granular 
Color: gray to black 

At. comp.: C^io-12 ”~0.5 ^-ll °~36 *^~29 
MW: 

Density (g/cm^): TMD; S2.0 

Nominal: '■1.91-1.95 

m.p. (*C (K)): 
b.p. rC(K)): 
v.p. (mm Hg (Pa)): 


Gystal data: 


10 ^“‘’- 0.5 


6 . THERMAL PROPERTIES (continued) 

Tg(“F (K)): 

Cp(cal/g-°C(kJ/kg-K)): 


3 

Thermal stability (cm of gas evolved at 120 “C 
(393 K^: 

0.26 g for 22 hr: 


1 g for 48 hr: 


8 . DETONATION PROPERTIES 

D (mm/psec (km/s)): -1.35 

( P= -0.9-1.1 ) 

P^j (kbar (10"’ GPa)): 

(P- ) 

Meas.: 


Calc.: 


E^y|((mm/*«ec)^/2 (MJ/kg)): 

(P= ) 

6 mm: 


1 V mm: 


19. SENSITIVITY 


Hpft (ni): 


12 tool 12B tool 


Susan test: 


5. CHEMICAL PROPERTIES 


ri H^j (kcal/g (MJ/kg)): ^2° (i ) 

Calc: 

Exp: 

A (kcal/mol (kj/mol)): 

Solubility (s -sol., si -si. sol ., i -insol.): 


6 . THERMAL PROPERTIES 


"2^9) 


Skid test: 

Impact angle (deg (rod)) Drop ht. (ft (m)) Event 















Black Powder 


7. MECHANICAL PROPERTIES 



NOTES 




Temperature 


TGA curve 


200 350 

Temperature - *C 


OTA curve 



■■■ 
















EXPLOSIVC: BORACITOL 


2. STRUCTURE OR FORMULATION 


% 

rai' 40 

Boric acid 60 


DESIGNATION: 


6 . THERMAL PROPERTIES (continued) 


Tg(*F (K)): 

Cp(cal/g-“C (U/kg-K)): 


Boracitol 


4. PHYSICAL PROPERTIES 

Physical state: solid 

Color: 


At. comp.: 5.3°3.97'^0.9'C 

MW; 100 

Density (g/cm^): TMOj 


Nomirtal: 1.53-1.S4 


m.p. (“C (K)): 73-80 (352-353) 
b.p. (“C(K)): 
v.p. (iTMT! Hg (Pa))i 


Gystal data: 

R: 


5. CHEMICAL PROPERTIES 

A H^t ('^J/kg)): (j! ) 

'¥ (b) 

Cole: 0.40 (1.67) 

0.20 (0.84) 

Exp: 


AH^, (kcol/lOOg (kJ/lOOg)): -256.6 (-IO7L) 

Solubility (s -sol., si “sl. sol,, i - insol.): 



6 . THERMAL PROPERTIES 


CTE: a - 46.7 um/m-K at 273-333 K 


Thermal srabiliiy (cm"^ of gas evolved ot 120 “C 
(393 Kl; 


0.25 g for 22 hr: 

Ig for 48 hr: 0.02-0.04 


0, DETONATION PROPERTIES 


D (km/t)): 4.86 


(p=1.55 ) 


Pcj (kbor (10 GPo)): 

Meos.: 

Cole.: 


E |({'nm/ittec)^/2 (MJ/kg)): (p“ 


?9 mm: 


9. SENSITIVITY 


Hcq (cm (10"^ mm) )t 
5 kg; 

2.5 Itc! 

Susaii tost; 


12 tool 12 B tool 
>3.20 >3720 


Skid test: 

Impact ongle (deg (rod)) Drop ht. (ft (m) ) Event 

Gap test (mils (mm)): {p- 


10, ELECTRICAL PROPERTIES: 


2.84 (p - 1.53) 




11. TOXICITY 


19-15 





















Boracitol 

7. MECHANICAL pToPERTIES 


IniHal modulut 


&e«p 

NOTES 

(-1—~i-1-r"—I-r- 



0 200 350 


Temperature - 'C 

OTA (—) and pyrolysis { — ) curves 












EXPLOSIVE: BENZOTRIS [ 1,2,5) OXADIAZOLE, 
1,4,7-TRIOXIDE 


2. STRUCTURE OR FORMULATION 


4. PHYSICAL PROPERTIES 


Physical stale: solid 
Color: buff 
At. comp.: CgNgOg 
MW: 252.1 

Density (g/cm ): TMD: 1.901 

Nominal: 1.87 


m.p. (“C (K))s 198-200 (471-47'3) 

b.p. ('*C(K)): _ 
v.p. (mm Hg (Pa)): — 


Crystal data: orthorhombic (Pna2j^) 


a - 0.92 
b - 19.52 
c - 0.52 


5. CHEMICAL PROPERTIES 


AH, . (kcal/g (MJ/kg)): 


V (g) 


Calc: 1.69 (7.07) 
Exp: 1.41 (5.90) 


A (kcal/rrwl (kj/mol)): +144.5 (+000) 


Solubility (s-sol./ $1 -si. sol., i -insol.): 

s — acetone, benzene, DM FA, DMSO, ethanol, 
ethyl acetate, ethyl ether, pyridine 


i — carbon tetrachloride, water 


6. THERMAL PROPERTIES 


DESIGNATION: 


BTF 


6. THERMAL PROPERTIES (continued) 



Tg ("F (K)): 


1.69 (7.07) 
1.41 (5.90) 


Cp (cal/g-“C (kJ/kg-K)): 


Est. 0.3 (1.25) 


Thermal stability (cm of gas evolved at 120 "C 
(393 K)): 


0.25 g for 22 hr: 0.24-C.40 

0,05 (purified) 

1 g for 43 hr: — 


8, DETONATION PROPERTIES 


D (mm/tisec (km/s)): 8.49 


(P=1.86 ) 


(kbar (10"' GPa)); 


(p- 1.859 ) 


Meos.: 360 
Calc.: 309 


E^y|((mm/s<$ec) /2 (MJ/kg)); (p= 1.859 


6 mm: 1.305 


19 mm: 1.680 


9. SENSITIVITY 


HKn 


5 kg: 
2.5 kg: 


12 tool 12B tool 
0.11 
- 0.21 


Susan test: 


Skid test: 

Impact angle (deg (rod)) Drop ht. (ft (m)) Event 




19-17 





























MATERIAL: AMORPHOUS SILICON OXIDE 

(Gelling agent) 

DESIGNATION : Cab-O-Sll 

SUPPLIER : Cabot Corp. 

2. STRUCTURAL FORMULATION 

ro —Si —ol 

^ -^n 

4. PHYSICAL PROPERTIES 

Physical state i solid (fluffy powder) 

Color ; white 

At. comp. : Si02 

MW: [60.09] n 

Density (g/cni; : TMD : 2.3 

NomiiKil ; 2.2 

m.p. (*C (K) ) : 

b.p. rC (K)) ! 

v.p. (mm Hg (Pa) ) : 

Brittle point ("C (K)) : 
f.p. (‘C (K)) i 

Crystal data : amorphous 

R : 

n ; 1.46 

Shore hardness : 

5. CHEMICAL PROPERTIES 

7. MECHANICAL PROPERTIES 

AHf (kcal/mol (kJ/mol) ) : -215.94 (-903.5) 

Solubility (s-sol., sl-$l. sol., I- insol.) : nil 

Tensile strength (psi (kPa) ): 

Elongation (®/<) : 

6 . THERMAL PROPERTIES 

10. ELECTRICAL PROPERTIES 

A: 

CTE: 

Tg ("F (K) ) : 

C (col/g-'COcJ/kg-K) ) : 

P 

c : (p = 

11. TOXICITY 

Low. 

NOTES 



3/81 
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MATERIAL: TRIS-il-CHLOROETHYLPHOSPHATE 

DESIGNATION : 

CEF 

(Plasticizer) 

SUPPLIER : 



2. STRUCTURAL FORMULATION 



O - CHj — CHj Cl U 


4. PHYSICAL PROPERTIES 


Physical stofc ; liquid 

Color : clear 

At. comp, ! 0211^2^304^* 

MW: 285.5 

Deruity 4j/cm^ : TMD : 1.425 

Nominal : 

m.p. CC (K) ) : 203 (476) 
b.p. r^C(K)): 
v.p. (mm Hg (Po) ) : 

Brittle point (‘C (K) ) : -60 (213 K) 
f.p. (*C (K)h 


5. CHEMICAL PROPERTIES 


(kcol/nnol (UJ/mol) ) : -300 (-1255) 


Crystal doto 


n ; 

Shore hordivm : 


7. MECHANICAL PROPERTIES 


Tensile strength (psi (kPo) ): 


Solubility (s-sol., sl-sl sol., i-insol.) : 

B —alcohola, benzene, carbon tetrachloride, 

''hloroform, eaters, ethers, ketones, toluene, 
xylene 

i — aliphatic hydrocarbons, water 


6. THERMAL PROPERTIES 


\ ! 

CTE ! P ■ 840 pmAn-K 


Elongotion : 


10. ELECTRICAL PROPERTIES 


e : 


T„ CF (K) ) : 

C 

C (cal/g-“C(WJ/lcg-K) ) : 

P 


11. TOXICITY 


Moderate when Ingested 


NOTES 

















CEF 



6 200 ' 500 

Temperature - *C 
OTA curve 


19-22 




EXPLOSIVE: COMP A-3, COMP A-5 


2. STRUCTURE OR FORMULATION 


wtZ 


RDX 

WAX 

Stearic acid 


A-5 

98.5-99.0 
1.5- l.O 


DESIGNATION: 


6. THERMAL PROPERTIES (continued) 


Tg (“F (K)): 

Cp(cGl/g-»C(kJ/kg-K)): 


Comp A 


4. PHYSICAL PROPERTIES 


1.1 * I 

Phyticai itale: granular 
Color: whlte/buff 


granular 
whlCe/buff 


At. comp.: ^1.41-1.82-2.8S 

, *'2.66-2.67^*2.66-2.6; 

Den»ity (g/cm**): TMOs 1.672 1.757 

Nominal: 1.65 pressed 1.70 pressed 

m,p. ( 'C (K)); A-3:200 (473) 
b.p. (•C(K)): 
v.p. (mm Hg (Pa)): 


Gyttal data: 


Thermal stability (cm'* of gas evolved at 120 “C 
(393 K): 

0.25 g for 22 hr: 

1 g (or 48 hr: 


8. DETONATION PROPERTIES 


D (mm/lisec (kin/s)): A~3: 8.47 ( p« 1.64 ) 

P^j (kbor (10“^ GPa)): (p= ) 

Maas.: 

Oalc.: 

Ecy|(('*»'"/F“»c)^/^ (MJ/kg)): (p” 1.59 ) 

6 mm: 

19 mm: a-3: -1.20 


9. SENSITIVITY 


«so (">5' 

12 tool 

128 tool 

5 kg: 

“ 

“ 

A-3; 2.5 kg: 

0.81 

2.45 

A-4: 2.5 kg: 

0.37 

1.12 


5. CHEMICAL PROPERTIES 


A (kcal/g (MJ/kg)): ^2° (4) *'^^(g) 

A-3 Cole; 1.58 (6.61) 1.39 (5.82) 

A-5 Calc: 1.62 (6.78) 1.61-1.62(6.74- 

6.78) 

AH. (kcal/mal (kJ/mol)): A-3: +2.84 (+11.9) 

' A-5: +-6.1 (+~25.5) 

Solubility (s - sol./ si -si. sol., I - insol.): 


6. THERMAL PROPERTIES 


Comp A-3: a « 71.7 pm/m-K at 253-293 K 


Susan test: A-3: Difficult to ignite by 
Mechanical Mean*; low probability for 
buildup to violent reaction at light 
cunfinaaent. 


Skid test: 

Impoct angia (dag (rod)) Drop ht. (ft (m)) Event 


s '(mm 

))■■ 

(P= 


A-5: 

(8.79) 

(P - 

1.700) 

A-3: 

(0.89) 

(P - 

1.635) 

A-3 

(54.51) 

(P • 

1.638) 


PX-OT- 

SRI-GT: 


10. ELECTRICAL PROPERTIES; 




















Comp A 


7. MECHANICAL PROPERTIES 



















EXPLOSIVE: COMP B, GRADE A, COMP B-3 


DESIGNATION: 


Comp B 



TMD: 

1.742 

1.75 

Nominal: 

1.71 

1.72 

80 (-353) 


79-80 

')': - 

B-3: 0.) 

L (13.33) 


Crystal data: 


5. CHEMICAL PROPERTIES 




"2° (g) 


Calc: 1.54 <6.44) 1.40 (5.86) 

Exp: 1.20 (5.02) 

D-3 calc: 1.54 (6.44) 1.40 (5.86) 

Exp; 1.20 (5.02) 1.12 (4.69) 

A Hf(kcal/lOOg (kJ/lOOg)): B; + 1.28 (+ 5-38) 

' B-3: + 1.15 (+ It.Sl) 

Solubility (s - sol., si -si. sol., ! - insol.): 


6 . THERMAL PROPERTIES 


A-B: 5.4 X lo”*^ cal/cni- 8 ec-°C (0.226 W/in-K) at 298 K 

B-3: 6.27 X lo“^ cal/cni-sec-''C (0.262 W/m-K) at 

291-348K 

CTE: 

Comp B: a " 54.6 tlm/ni-K at 279-298 K 
a ■> 97.5 iim/m-K at 300-336 K 


6 , THERMAL PROPERTIES (continued) 


Tg (“F (K)): 

Cp (cai/g-^C (kJ/kg-K)): 

Comp B: Exp. 0.27 at 25'’c (1.13 at 298 K) 
B-3: Exp. 0.299 at 30°C (1.25 at 303 K) 
3 

Thermal stability (cm of gas evolved at 120 ®C 
(393 K): 


4. PHYSICIAI. PROPERTIES 


Physical state: solid 
Color: yellou/buff 

At. comp.: <^2 q 3 H 2 ^^^N 2 S.05“2.5l"2.15°2.67 

MW: 100 


b.p. («C(K)): - 


0.25 g for 22 hr: 0.051 
0.033 

Ig for 48hr: 0.05-0.16 


8 . DETONATION PROPERTIES 


comp a: 

D (mm/psec (km/s)): 7.92 

Comp B-3: 7. 89 

P^j (kbar (10“’ GPa)): 

Meas.: 295 
Calc.: 

B-3: Meas.: 287 

Ecy|((mm/psec)^/2 (MJ/kg)); 


Comp B 
Comp B-3 
Comp B 


6 mm: 

19 mm: 1.3 


9. SENSITIVITY 


Comp B-3 ( 

1.01 


(p= 1.72 
(P - 1.72) 
(p= 1.717 


(P - 1.715) 

(P= ) 

!-3 (p - 1.728) 


12 B tool 

0.98-3.0 

0.65 

0.69-1.2 


H 50 (m): 1-2 tool 

Comp B: 5 kg 0.45 

2.5 kg 0.49-0.85 

B-3: 5 kg 0.29 

2.5 kg 0.4-0 .8 

Susan test: B-3: Threshold velocity is 
,180 ft/sec (55 m/s)i generally diffi¬ 
cult to ignite, low probability for 
violent reaction at light confinement 


Skid test: 

Impact angle (deg (rod)) Drop ht. (ft (m)) Event 


B-3:14 (0.24) 1.25 (8.38) 2 

45 (0.79) 14.1 (4.30) 2 

Gap test (mils (mm)): (p= ) 

fNSWC-SSGT: (4.75) (P - 1-735) 

Comp B:{UNL-SSCT: 16-26 (0.41-0.66) (P “ 1-710) 

IlANL-LSGT: (44.58) (P " 1-712) 

3.1 LANL-SSGT. 44-54 (1.1-1.4) (P ' 1.721) 

iLANL-LSGT: 1.982 (50.34) (P * 1-727) 

Comp B: PX-GT: (23.2) (P '• 1.714) 


10. ELECTRICAL PROPERTIES: 


C: Comp U 
B-3 

3.25 (p “ 1.72) 

3.41 (P - 1.73) 

11. TOXICITY 




















Comp B 


7. MECHANICAL PROPERTIES 


B-3; Sound velocity (km/s): Cj, 
(p - 1.726) 3.1 



NOTES 




' 

Ma 100 200 300 -soo 


/ S J 

Temperature ~ "C 


___— ._. A 

TCA curve 

( 

) 100 20o" 300 


Ter;f)^rature — "C 


DTA (-) and pyrolyois (—) curves 















EXPLOSIVE: 


com’ c-3, COMP C-4 


2. STRUCTURE OR FORMULATION 



- nrz - 



C-3 


C-4 

KDX 

77 


91 

TNT 

4 

Di(2-ethylhexyl) 

5.3 

DNT 

10 

sebacatc 


MNT 

5 

Polylsobutylone 

2.1 

NC 

1 

Motor oil 

1.6 

Tetryl 

3 



4. PHYSICAL PROPERTIES 


Physical state: putty-like solid 

Color; yellow/lt. brovn vhite 

At. comp.! C^_gpH 2 _g 3 N 2 3 ^ 02 _gy C^ ^2 
MW: 100 

“ 3 .54^2.46^2.51 

Density (g/cm^): TMD: — 

1.67 

Nominal: 1.58-1.62 

m.p. (•C(K))! 
b.p. (“C(K))! 
v.p. (mm Hg (Pa) ): 

1.64-1.66 

Gystal data: 

R: 


5. CHEMICAL PROPERTIES j 

A (kcfli/g (MJ/kg)): ^20 ^ ) 

"20(g) 

C-3 Ca.lc: I.L 5 ( 6 . 07 ) 
C-h 1.59 ( 6 . 65 ) 

IlK.p: 

1.44 (6.02) 
1.4o ( 5 . 86 ) 

A Hy (Hcta/lOCa (kl/lOOg)): C-3: •'■3.74 (-US.6) 

' C-4: •r3.33 (-H3.9) 

Solubility (s-tol., si -si. sol., 1 -Insol.): 


6. THERMAL PROPERTIES j 


C-4i 6.22 x lo"'^ cal/cm-sec-'C (0,260 W/m-K) 

CTii: 


DESIGNATION: C 


6. THERMAL PROPERTIES (continued) 


Tg (“F (K)): 

Cp(cal/g-‘'C(kJ/kg-K)): 


Thermal stability (cm of gas evolved at 120 ®C 
(393 K): 


0.25 g for 22 hr: C-4! 0.026 

1 g for 48 hr: 


8. DETONATION PROPERTIES 


C-4 

D (mm/#Jsec (km/i)): 8,37 
C-3: 7.63 

(kbar (iO"’ GPa)): 

Meas.: 

Ciiic.: C~4:257 


( P= 1.66 ) 

(p “ 1.60) 

(P= 1,S9 ) 


fc_„|((n)m/psec)^/2 (MJ/kg)); {p~ 1,601 ) 

' C-4 

6 mm: 0.962 

19 mm: 1*258 


9, SENStTiVITY 


”50 (''')• 12 tool 128 tool 

Susan test: 


Skid test: 

Impoct ongle (oag (rod)) D rop ht. (f t (m)) Even t 


Gap test (mils (mm)): 
NSWC-SSGT: C-3: (4.50) 

C-4: (3.53) 


10, ELECTRICAL PROPERTIES: 


{P“ ) 

(p - 1.612) 

(p - 1.643) 



11. TOXICITY 


Moderate 

























EXPLOSIVE: CYCLOTOL 75/25, 


2. STRUCTURE OR FORMULATION 


wt% 


4. PHYSICAL PROPERTIES 


Physical state: solid 
Color: yellow/buff 

At. comp.: C^.78»2.58''2.36°2.69 
MW: 100 

Density (g/cm^): TMDi 1.77 

Nomirsal: 1.75-1.76 

m.p. ( "C (K)): 79-80 (352-353) 

b.p. (’■C(K)): - 

v.p. (mm Hg (Pa)): 0.1 aC 100 C (13. 


at 100 C (13.33 at 373 K) 


Crystal data: — 


5. CHEMIOL PROPERTIES 


(kcal/a (MJ/kg)): (i ) *^0 (g) 

Caic: 1.57 (6.57) 1.44 (6.02) 

Exp: 

A (kcal/lOOg (kJ/lOOg)): +3.21 (+13.k) 

Solubility (s-sol., si-si. sol., i-insol.); — 


6. THERMAL PROPERTIES 


X: 73/25: 5.41 x lO"^ cal/cm-sec-'C (0.227 W/m-K) 

CTE: “ 


DESIGNATION: Cyclotol 


6. THERMAL PROPERTIES (continued) 


T (“F (K)): 

9 

Cp (cal/g-"C (kJAg-K)): 

Exp. 0.254 at 2S‘’c (1.063 at 298 K) 

Thermal stability (cm of gas evolved at 120 “C 
(393 K): 

0.25 g for 22 hr: 0.014-0.04 
1 g for 48 hr: 0.25-0.94 


8. DETONATION PROPERTIES 


D (mn:/ 7 «ec (km/$)): 8.30 (p= 1.76 ) 


P^j (kbar (10“' GPa)): 

Meos.: 316 
Calc.: 


(P= 1.752 ) 


Egyl((mm/pjec)'"/2 (MJ/kg)): (p= 1.754 ) 

6 mm: 1.140 


19 mm: 1.445 


9. SENSITIVITY 


H50 (m): 

5 kg: 
2.5 kg: 


12 tool 128 tool 
0.33 

0 47 1.14 


Susan test: Threshold velocity - 180 ft/scc 
(-55 n/s); generally difficult to Ignite but 
capable of large reaction. 


SI', id test: 
t 


rad)) Drop ht. (ft (m)) Event 


14 (0.24) 

0.625 

(0.19) 

1 

45 (0.79) 

14.1 

(4.30) 

0 

Gap test (mils (mm)): 


(P= 

) 

LANL-SSGT: 10-16 

(0.25-0.41) (p - 

1.753) 

LANL-LSGT: 

(43.15) 

(P - 

1.757) 

10, ELECTRICAL PROPERTIES: | 

C! 3.38 


(P - 

1.75) 


11. TOXICITY 























Cyclotol 


7. MECHANICAL PROPERTIES 


Sound velocity (km/s) 


1.752) 


3.12 1.69 2.42 



NOTES 


Cyclotol 





0 100 200 300 

Temperature — *C 

OTA (—) and pyrolysis (--) curves 
















EXPLOSIVE; 2.4.6-TRINITRO-l, 3-BENZENEDIAMlNE 

DESIGNATION: 


DATS 

2. STRUCTURE OR FORMULATION 

6. THERMAL PROPERTIES (continued) 

NHj 

L^nh^ 

NOj 

Tg(“F(K)): — 

Cp (cal/g-'C (kJ/kg-K)): — 

Exp. 0.23 (0.962) 

O 

Thermal stability (cm of gas evolved at 120 *C 
(393 K)): 

4. PHYSICAL PROPERTIES 

0.25 g for 22 hr: <0.03 



Physical stole: solid 

Color: yellow 

At. comp.: CgHgNgOg 

MW: 243.1 

Density (g/cm^): TMD: 1.837 

Nominal: 1.T9 

m.p. (“C (K)): 286 (559) 
b.p. rC(K)): — 
v.p. (mm Hg (Pa)): — 

1 g for 48 hr: < 0.03 



8. DETONATION PROPERTIES 

D (mm/psec (km/s)): 7,52 

P^j (kbar (10"’ GPa)): 

Meas.: 259 

Calc.: 250 

( P= 

(P = 

1.79 ) 

1.78 ) 


E^,y[((mm/jusec)^/2 (MJ/kg)): (p = 

) 

Gystal data: (Pc) 
a = 7.30 

6 mm: — 

19 mm: — 



b = 5.20 

c = 11.63 

6 - 95.9 

It. 

9. SENSITIVITY ! 

HgQ (m): 

5 kg! 

2.5 kg: 

12 tool 

>1.77 

>3.20 

12B tool 

>1.77 

>3.20 


Susan test: — 



5. CHEMICAL PROPERTIES 




AH^, (kcal/g(MJAg)): H2‘^ (i ) ^^0 (g) 




Calc: 1.26 (5.27) 1.15 (4.81) 

Exp: 0.98 (4.10) 0.91 (3.81) 

A Hj (kcal/moi (kJ/mol)): -23.6 (-98.7) 

Skid test; 

Impact angle (deg (rad)) Drop ht, (ft (m 

)) Event 

Solubility (s - sol., si -si. sol., ! - insol.): 
al - acetone, DMFA, DMSO, butyrolactone, N-aiethyl- 

pyrrolldone 

1 - benzene, carbon disulfide, carbon 
tetrachloride, ethanol, water 

Gap test (mils (mm)): 
NSWC-SSGT: (3.28) 

LANL-SSGT: (0.36) 

UNL-LSGT: 1.641 (41.68) 
PX-GT: (17.86) 

(P * 
(P - 
(p “ 
(P " 

1.775) 

1.801) 

1.786) 

1.781) 

6. THERMAL PROPERTIES 

k: 6,00 X 10"^ cal/sec' m-°C (0.251 W/m-K) 

CTE: a = 32-43 pm/m-K at 253 K 
a •- 52-66 pm/m-K at 358 I< 

10, ELECTRICAL PROPERTIES: 

€ : — 


11. TOXICITY 

(- 

Low 


3/81 19-31 























DATE 

7. MSCHANICAl. PROPERTIES 


Sound velocity (km/s); 

(p ■> 1.78) 2.99 1.55 2.40 


Initial tnodulut 



Vapor pressure vs 1/T 









EXPLOSIVE: 2,2'-OXYBISETHANOL, DIMITRATE 


2. STRUCTURE OR FORMULATION 


0,N—0 
2 \ 


I P ( 

^ / \ / 
CH2-CH2 CH2-CH2 


O—NO2 


4. PHYSICAL PROPERTIES 


Physical state: liquid 
Color; clear 
At. comp.: C^HjjN 2®7 
MW: 196 

Density (g/cm^): TMD: 1.39 

Nominal: 

m.p. (‘'C(K)): 

b.p. ( “C (K)): 160-161(433-434) 

v.p. (mm Hg (Pa)): 0.00593 at 25*0(0.789 at 298 K) 


Crystal data: 


n - 1.450 


5. CHEMICAL PROPERTIES 


A H , (kcal/g (MJ/kg)): {£ ) 


(g) 


AHj(kcal/m3l (kj/mol)); -99.4 (-416) 


Solubility (s - sol., sl -st, sol., i - insol.): 

si - water, alcohol 
i - acetone, ethyl ether 


DESIGNATION: 


DEGN 


6. THERMAL PROPERTIES (continued) 


Tg (“F (K)): 


Cp (cal/g-'C (kJ/kg-K)): 


Thernwl stabil ity (cm"^ of gas evolved at 120 ^ C 

(393 K): 


0.25 g for 22 hr: 


1 g for 48 hr: 


8. DETONATION PROPERTIES 


D (mm//Jlec (km/s)): 6.76 ( p= 1.38 ) 


P^j (kbar (10"' GPa)): 


Meas.: 
Calc.: 


E^^|((mm//u$ec)^/2 (MJ/kg)): (p- 


9. SENSITIVITY 


Htn (in)! 


12 tool 128 tool 


Susan test: 


Skid test: 

Impoct ongle (deg (rad)) Drop ht. ( ft (m)) Event 


Gap tost (mils (mm)); 


6. THERMAL PROPERTIES 


10. ELECTRICAL PROPERTIES; 



'Si' 










mmi 






























EXPLOSIVE: 2.2' ,6,6'-HEXANlTRO- 
_ [1,1 -biphenyl]-3,3'-DIAMINE 


2. STRUCTURE OR FORMUUTION 


DIPAM 



4. PHYSICAL PROPERTIES 


Physical state; solid 
Color: — 

At. comp.: C^2Wl2 
MW; 454.1 

Density (g/cm ): TMD: 1.79 

Nominal: — 

m.p. ( *C (K)): 304 (577) 
b.p.{»C(K)): - 
v.p. (mm Hg (Pa)): — 


DESIGNATION: 


6. THERMAL PROPERTIES (continued) 


Tg (“F (K)): 


Cp(cai/g-''C(kJ/kg-K)): 

Exp. 0.25 (1.05) 

Thermal stability (cm of gas evolved at 120 “C 
(393 K): 

0.25 g tor 22 hr: — 

1 g for 48 hr: 


8. DETONATION PROPERTIES 


D (mm/iusec (km/$)): 7.40 

Pj-j (kbar (10"' GPa)): 

Meas.: 

Cole.'. 


(p= 1.76 


Crystal ckita: 


Egy|((mm/psec)^/2 (MJ/kg)): (p = 


6 mm: -- 
19 mm: —- 


9. SENSITIVITY 


H50 (m): 

5 kg: 
2.5 kg: 

Susan test: — 


12 tool 12B tool 


5. CHEMICAL PROPERTIES 


^ (kcal/g (MJ/kg)): '^ 2 '^ (i ) *^2° (g) 


Calc: 1.35 (5.65) 1.27 (5.31) 

Exp: 


A H^ (kcal/nioi (kj/mol)): -6.8 (-28.45) 


Skid test; 

Impoct angle (dog (rad)) Drop ht. (ft (m)) Event 


Solubility (s -sol., si -$l. sol., i - insol.): 

s - DMFA, UMSO, nitric acid 
el - acetone, chloroform 


Gap test (mils (mm)): 
HSWC-SSGT: (4.48) 


(P= ) 

(p - 1.784) 


6, THERMAL PROPERTIES 


10, ELECTRICAL PROPERTIES: 






























EXPLOSIVE: 2,2-DINITROPROPYL ACRYLATE 


DESIGNATION: 


DNPA 


2. STRUCTURE OR FORMULATION 

? 

H 

1 

NO„ 

1 2 

H 

1 

1 

0 

1 

1 

1 

1 

u 

11 

u 

-C- 

-C- 

C-H 

h/ I 

1 

1 

1 

H 

H 

NO 2 

H 


4. PHYSICAL PROPERTIES 


Physical state: solid 
Color: off-white 
At. comp.: CgHgN 20 g 
MW: 204.1 

Density (g/cm^): TMD; 

Nominal: 

m.p. (“C(K)): — 

b.p. rC(K)): — 

v.p. (mm Hg (Pa)): — 


Crystal data: 


6. THERMAL PROPERTIES (continued) 


Tg(“F(K)): — 

Cp (cal/g-»C (WAg-K)): “ 


Thermo! stability (cm of gas evolved at 120 °C 
(393 K)): 

0.25 g for 22 hr: 0.04-0.06 
1 g for 48 hr: — 


8. DETONATION PROPERTIES 


D (mm//usee (km/s)): — ( p= 

P^-j (kbar (10"’ GPa)): (p= 

Mcas.: — 

Calc.: — 

Ecyi(("’"'/f«®‘=)^/2 (MJ/kg)): (p = 

6 mm: — 

19 mm: — 


9. SENSITIVITY 


H50 (ni): 
5 kg: 
2.5 kg: 

Susan test: 


12 tool 12B to ol 
>1.77 — 


5. CHEMICAL PROPERT ES 


AH, . (kcal/g (MJ/kg)): ^^2°(;e) 


AHj(kcal/moi (kj/mol)): -110 (-460) 

Solubility (s -sol., $1 -s!, sol., i -insol.): 
B — acetone 


«20 (g) 


Calc: 1.06 (4.44) 0.85 (3.57) 

Exp: — — 


Skid test; 

Impact ongle (deg (rad)) [>op ht_. (ft (m)) Event 


Gap test (mils (mm)): 


6. THERMAL PROPERTIES 


10. ELECTRICAL PROPERTIES: 
























DNPA 

7. MECHANICAL PROPERtTeS 


II 


p 

1*1 



NOTES 


Explosion I 


0 100 200 300 

Temperalure — “C 

OTA (—) and pyrolysis (—) curves 






























DOP 




EXPLOSIVE: ETHYL 4,4-DINITROPENTANOATE 


DESIGNATION: 


EDNP 


2. STRUCTURE OR FORMULATION 


6. THERMAL PROPERTIES (continued) 


H lslO„ H H O H 

1 I 1 1 II I 

H — C— C—C—C —C—O —C 

I I I I I 

H NO 2 H H H 


C— H 

I 


j 4. PHYSICAL PROPERTIES 

Physicol state: liquid 

Color: yellow 


At. comp.: C,^H^2N20g 

MW: 220.2 


Density (g/cm^); TMD: 1.20 


Nominal: — 


m.p. (*C (K)): -6 (268) 

b.p, PC (K)): 83 at 0.00 mm (356 at 6.7 Pa) 
v.p. (mm Hg (Pa)): — 

Gystal data: — 

R: — 


5. CHEMICAL PROPERTIES 

(kcal/g (MJAg)): ^2° (i ) 

V (a) 

Calc: 1.23 (5.15) 

0.94 (3.93) 

Exp; — 

— 

A Hj, (kcal/mol (kj/rnol)): -140 (-586) 


Solubility (s - sol$1 -si. sol., i - insol,): 
s — acetone, carbon tetrachloride, chloroform, 
DMFA, DIISO, ethanol, ethyl acetate, ethyl 
ether, pyridine 
i — water 


Tg(“F(K)): — 


Cp(cal/g-"C (kJ/kg-K)): — 


Thermal stabilify (cm of gas evolved at 120 ®C 
(393 K)): 

0,25 g for 22 hr; 0.04-0.06 
1 g for 48 hr: — 


8, DETONATION PROPERTIES 


D (mm/^uec (km/$)): — ( p= 

(kbar (10"’ GPo)): (p= 

Meas,: — 

Calc.: — 

(MJ/kg)); (p = 

6 n.m: — 

19 mm: _ 


9. SENSITIVITY 


HgQ (m): 12 tool 12B tool 

>1.77 _ 

Susan test: — 


Skid test; 

linpoct ongle (deg (rod)) Drop ht. (ft (m)) Event 


Gap test (mils (mm)): — 


6. THERMAL PROPERTIES 


10, ELECTRICAL PROPERTIES: 





















EDNP 

7, MECHANICAL PROPERTIES 


Initial modulus 

Failure envelope 

Creep 

NOTES 












MATERIAL; POLYURETHANE SOLUTION SYSTEM 

(Binder) 

DESIGNATION : EstanC 

SUPPLIER : B. F. Goodrich 

2. STRUCTURAL FORMULATION 

'■ O O O H H 

H0-(CH2)4 --0 - C - (CH2)4"C-0-(CH2)4 ~0~ C- N C ^^N = C = 0 

H 

_ _J n 

n = 5-10 

4. PHYSICAL PROPERTIES 

Physical state : rubbery solid 

Color: light amber 

At. comp.: (Cj. 

MW: 100 

Density (g/cm^ : TMD : 

Nomirsol : 1.18 

m.p. CC (K) ) : 
b.p. ‘C (K)): 
v.p. (mm Hg (Po) ) : 

Brittle point (®C (K) ) : 
f.p. (“C (K)): 

Crystal data : 

R : 

n : 

Shore hardness : A 70 

5. CHEMICAL PROPERTIES 

7. MECHANICAL PROPERTIES 

AHf (kcalAoOg(kJA0Og)) : -95 (-397) 

Solubility (s-iol., sl-sl. sol., I-insol.) : 

8 — acetone, dichloroethane, DMFA, DMSO, MEK, 
MIBK, THF 

Tensile strength (psi (kf*a) ): 

Elongation : 

Sound velocity (km/s): Cj^ 

(p - 1.18) — — 2.35 

6. THERMAL PROPERTIES 

10. ELECTRICAL PROPERTIES 

As 5703: 3.53 x lO"^ cal/cni-sec-°C (0.148 W/m-K) 

CTE, 5702: (0.146 W/m-K) 

■ 5702: 6 = 600 ym/m-K 

5703: a “ 245 ym/m-K at 20-44"c 

5703: 8 = 600 ym/m-K 

1 

T„ ('F (K) ) : -31 (242): (5702) 

3 5702 5703 

<• : (p = 

II. TOXICITY 

None. 

C (cal/g-®C(kJ/kg-K) ) ^xp. (1.48 < Tg) (1.56 < Tg) 

^ (1.71 > Tg) (1.68 > Tg) 


NOTES 


















storage modulus (G') 



100 200 300 400 

Temperature - *C 

TGA curve 


I , _ _ _’ 

0‘ 200 ' ‘ "500 

Temperature - *C 

OTA (—) and pyrolysis (—) curves 


Temperature — 


DSC curve 












Explosive D 


7. MECHANICAL PROPERTIES 













EXPLOSIVE- ^. i'--[methylenebis(oky)]bis 

■ [2-I'XU0R0-2,2-DINITR0ETHANE] 


2, STRUCTURE OR FORMULATION 


NO, H H 

I ^ I I 

-c —c — o—c 


NO 2 H H 


H 

I 

■o—c- 


-C —F 


4. PHYSI'0\L PROPERTIES j 

Physical state: liquid 

Color; straw 


At. comp.: CgHgN^O^gF 2 

MW: 320.1 

Density (g/cm^): TMD: 1.607 


Nominol; — 


m.p. (“C (K)): 14.5 (287.5) 
b.p. (®C (K)); 110 at 0.3 nun (383 at 40 
v.p. (mmHg(Pa)): at 25*0 

(2.85 X 10 at 298 K) 

Pa) 

Crystal data: — 

R: — 


5. CHEMICAL PROPERTIES 

2 ^ (kcal/g (MJ/kg)): ^2® (i ) 

»2^g) 

Cole; 1.45 (6.07) 

1.39 (5.82) 

Exp: 1.28 (5.36) 

1.21 (5.06) 

A Hj (kcal/mol (kj/mol)): -1T7.5 (-T*t3) 


Solubility (s -sol., si -si. sol., i - Into!.); 

s — acetone, chloroform, CMFA, DMSO, ethanol, 
ethyl acetate, ethyl ether, pyridine 

i — carbon tetracliloride, wr'er 

J 

6. THERMAL PROPERTIES 


DESIGNATION: 


6 . THERMAL PROPERTIES (continued) 


Tg (“F (K)): — 

C^(cal/g-oC(kJ/kg-K)): 

Est.: 0.36 at 25°C (1.51 at 298 K) 


Thermal stability (cm oF gas evolved at 120 °C 
(393 K)): 


0.25 g for 22 hr: 0.04-0,10 
1 g for 48 hr: — 


8 , DETONATION PROPERTIES 


D (mm/|ttac (km/$)): 7.50 


FEFO 


P^j (kbar (10"' GPa)): 

Meas,: 250 
Cole.: 232 


( p= 1.607 ) 
(p= 1.59 ) 


/2 (MJ/kg)): (p = 

6 mm: — 

19 mm: — 


9. SENSITIVITY 


H 5 Q fm): 12 tool 


5 kg: 
2.5 kg; 


12 tool 12B tool 
0.28 — 

0.60 — 


Susan test; 


Skid ter-t: 

Impact ongle (deg (rad)) Drop ht. (ft (m)) Event 


Gap test (mils (mm)): 
SRl-r.T: (19.6) 


10. ELECTRICAL PROPERTIES: 
























19-48 


1/85 










AMTERIAL: 

-VINYL CHLORIDE/TRIFLUOROOHLOROETHYLKNE 
COPOLYMER (Binder) 1.5:1 


2. STRUCTURAL FORMULATION 


DESIGNATION : 


SUPPLIER : liooker Chemical 


FPC 461 



4. PHYSICAL PROPERTIES 


Physical state : doLid 
Color : white 

At. comp. : (C 5 Hi^_ 5 Cl 2 _ 5 F 3 )„ 

MW : (210)^ 

Density (g/cm^ : TMD : 

Nominal : 1.70 

m.p. CC (K)) : 
b.p. f'C (K)) : 
v.p. (mm Hg (Pa) ) : 

Brittle point (“C (K) ) : 
f.p. (“C (K)): 


5. CHEMICAL PROPERTIES 


AMj (kcal/mol (kj/mol) ) ; -100 (-795) 



7. MECHANICAL PROPERTIES 


Tensile strength (psi (kPo’) ): 


Solubility ($-$ol., sl-sl. sol., i-insol.) : 
f) - gasoline, MEK, toluene, xylene 


Elongation : 


6. THERMAL PROPERTIES 


10. ELECTRICAL PROPERTIES 


Tg (»F (K) ) : 

C (cal/g-®C(kJ/kg-K) ) : 
P 


NOTES 



1/85 


9-49 
























EXPLOSIVE: h~6 


2. STRUCTURE OR FORMULATION 



4. PHYSICAL PROPERTIES 


Physical state: solid 
Color: 

At. comp.: 

MW: 100 

O 

Density (a/cm ): TMD; 1.791 

Nominal: 1.75 

m.p. (-C(K)): 
b.p. (“C (K)T; 
v.p. (mm Hg (Pa)): 


Crystal data: 


DESIGNATION: ] 


6. THERMAL PROPERTIES (continued) 


Tg ("F (K)): 

Cp (cal/g-^C (kJ/kg-K)): 

Exp. 0.269 at 30*0 (1.13 at 303 K) 

Thermal stability (cm of gas evolved at i20 ®C 
(393 KV, 

0.25 g for 22 hr: 0.096 
1 a for 48 hr; 


8. DETONATION PROPERTIES 


D (mm /Msec (km/s)): 7.9 ( P= 1.75 


P^j (kbor (10“' GPa)): 

Meas.: 

Calc.: 


(P= 1.75 ) 

(P= ) 


Ecyl((">'"/P**'=)^/2 (MJ/kg)): (p= 1.76 ) 

6 mm: 0.769 
19 mm: 1.066 


9. SENSITIVITY 


Hjq (m): 12 tool 12B tool 

0.60 


5 kg: 
2.5 kg; 


Susan test: Difficult to ignite by 
mechanical means; once ignited, low 
probability for buildup to violent 
reaction at light confinement. 


^ ^det (MJ/kg)): ^2° {t) ^2^ (g) 


A Hj (kcol/lOOG (kJ/lOOg)): -1.75 (-7.31) 

Solubility (s -sol., si -si. sol., i - insol.): 


Skid test; 

Impoct angle (deg (rod)) Drop ht. (ft (m)) Event 


Gap test (mils (mm)): 
NSWC-SSGT: (4.85) 


(P= ) 

(p - 1.708) 


6. THERMAL PROPERTIES 


A: 11.0 X lO”^ cal/cm-sec-*C (0.460 W/m-K) at 308 K 
CTE: a - 149 pm/ra-K at 308 K 


10, ELECTRICAL PROPERTIES: 
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19-51 


























H-6 

7. MECHANICAL properties 

Sound velocity (km/s): 

(p - 1,75) 2Td6 TTSS ^ 


InUial moduiut 


Creep 

NOTES 



DTA curve 


19-52 




Failure envelope 



I 
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EXPLOSIVE: HBX-1 


HBX-3 


DESIGNATION: 


HBX 


i. STRUCTURE OR FORMULATION 


6, THERMAL PROPERTIES (confinued) 


RDX 

TNT 

kX 

D-2 wax 
CaCl^ added 


4, PHYSICAL PROPERTIES 


Phytical ttate; solid 
Color: grey 
At. comp.: 

MW: 100 

DoniUy (g/cm^): TMD: 1-76 


Nominal: i*71 casC 

1. pressed 


Tg CF (K)): 

Cp(cal/g-‘‘C(kJ/kg-K)): 

HBX-1: Exp. 0.249 at 30*C (1.04 at 303 K) 
HBX-3: Exp. 0.254 at 30*C (1.06 at 303 K) 

Thcrirwl stability (cm'' c./ gas evolved at 120 ®C 

(393 K): 

0.25 g for 22 hr: 


1 g for 48 hr: 


8. DETONATION PROPERTIES 


D (mm//isec (km/$)): (1) 7.31 
(3) 7.12 


m.p.CC{K)): l.M pressed 

b.p. rC(K)): 

v.p. (mm Hg (Pa)): 

HBX- 1 : Hg ^1,57 Op.Q.f ^1^,63 ‘^“'0.005 ^^ 0.009 

HBX- 3 : *’' 1,27 %.005 ^^0,009 

Crystal data: 


1.04-1.05 P^j (kbcr (10" GPa)): 


(P= 1.712 ) 

(0 - 1.84 ) 

(p:= 1.712 ) 


Maas.: HBX-1:220.4 
Calc.: 


Ecy|(("*'*’/**'®=)^/2 (MJ/kg)): (p“ 


9. SENSITIVITY 


lien (i")! 


12 tool 


128 tool 


Suion test: 


5. CHEMICAL PROPERTIES 


A (kcal/g (MJ/kg)): H20 (i) _^^)_ 

HBX-1: Calc: 1.84 (7.7) 1.8 (7.53) 

HSX-3! Calfc: 2.11 (8.83) 2.11 (8.83) 

A H. (kcol/lOOg (kJ/lOOg)): HBX-1: -2.6k .-11.Ok) 

IlBX-3: - 2.60 (- 10 . 89 ) 

Solubility (s - sol., si -si. sol., i - insol.): 


Skid test: 

Impact ongle (deg (rod)) Drop ht. (ft (m ) Event 


(5ap test (mils (mm)): (p=* 

HBX-3: NSWC-SSGT: (2.57) (p - 1.027) 


6. THERMAL PROPERTIES 


A: HBX-1: 9.7 x 10“^ cal/cm-sec-*C (0.406 W/m-K) at 

308 K 

llBX-3: 17.0 X 10 "^ cal/cm-sec-'C (0.711 W/m-K) at 

308 K 

CTE: hbX-1: a - 171 pm/ra-K at 308 K 
!lBX-3: a - 149 pm/m-K at 308 K 


10, ELECTRICAL PROPERTIES: 



11. TOXICITY 





















HBX 

7. MECHANICAL PROPERTIES 


Initial modulut 


Craep 


NOTES 


Failure envelope 







EXPLOSIVE; OCTAHYDRO-1,3,5,7-TF,TRANITR0- 
1,3,5,7-TETRAZOCINF, 

DESIGNATION: HMX 

2. STRUCTURE OR FORMULATION 

6. THERAAAL PROPERTIES (continued) 


N N 

CH, 


H,C 

H. 


-N, 


NO, 


'NO, 


4. PHYSICAL PROPERTIES 


Ph/iical state; solid 
Color; white 
At. comp.; C^HjjNgOg 
MW: 296.2 

2 

Density (g/cm ): TMD: 1.905 

Nominol: 

m.p. (“C (K)); 285 (558) 
b.p. (•C(K)): — 

v.p. (mm Hg (Po)); 3 X 10"^ at lOO^C 
(4 X 10“7 at 373 K) 


Crystal data: 

I: monociln, II; orthorh. Ill; monoclin, IV; hexag, 
(P2j/c) (Fdd2) (PcjP2/c) (P6j22r 


( “F (K)): 

Cp(cal/g-‘’C (kJ/kg-K)); 

See yig. 6-4 

Thermal stability (cm^ of gas evolved at 120 ®C 
(393 K)); 

0.25 g for 22 hi-: <0.01 
1 g for 48 hr: 0.07 


8. DETONATION PROPERTIES 


D (mm/psec (km/$)): 9.11 ( p= 1.89 ) 

1 


P^j (kbor (10 ' GPa)); 

Meos.; 390 
Cbic.; 394 


(P= 1.89 ' 


E^y|((mm/psec)^/2 (MJ/kg)): (p= 1.894 ) 


6 mm: 1.410 
19 mm: 1.745 


9. SENSITIVITY 


a 

= 6.54 

a 

s 

15.14 

a - 

10.95 

a = 

7.71 


b 

« 11.05 

b 

s 

23.89 

b = 

7.93 



HgO ("'/• 

c 

= 8.70 

c 

= 

5.91 

c * 

14.61 

c = 

32.55 

5 

8 

“124.3 




8 - 

119.4 



2.5 

R 

I: 58 calc 


56 

.1 obs. 

II: 

£)8 0 

55.7 

obs.; 



III: 50 calc 


55 

.4 obs. 

IV: 

58 calc.. 

55.9 

obs. 

Susan test: — 

n 

See Table 

i: 

3. 








12 tool 

0.33 

0.32 


128 tool 

0.40 

0.30 


5. CHEMICAL PROPERTIES 


AH^^^ (kcal/o (MJ/kg)); H2°(i!) 


«20(g) 


Calc: 

Ey.p; 


1.62 (6.70) 
1.48 (6.19) 


1.48 (6.19) 
1.37 (5.73) 


AHj(kcal/mol (kj/rr»l)); -t-lT.gS (•t75) 


Solubility (s - sol., $1 -si. sol., i - insol.): 
aolvate -- DMFA, DMSC, butyrolactone 
b 1 — acetone, pyridine 
i — carbon disulfide, carbon tetrachloride, 
_ chloroform, ethyl ether, water_ 


Skid test: 

impocrongle (deg (rad)) Drop ht. (ft (m)) Event 


Gap test (mils (mm)): 
NSWC-SSGT: (8.71) 

LANL-SSCT; (3.43) 


(P 

(P 


l.u40. 


6. THERMAL PROPERTIES 


K: 12.2-13.3 X lO"^ cal/cm-sec-‘C (0.511-0.556 

W/m-K) at UT 

CTE: Q = 22,0 M ln./in.-'’F at -65 to 
(a - 50.4 um/m-K at 219-347 K) 
j3 = 162.5 pm/m-K at 243-343 K 


Low 


1 LANL-LSGT: 2.783 (70.7) 


(P - 1.07) 

_J 

I 10, ELECTRICAL PROPERTIES: 

e: I: 3.087 

(o 

= 1,90) 

II: 4.671 

(p 

- 1.87) 

III: 3.867 

_(q_ 

.^^82)_ 

ill. TOXICITY 


19-55 
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HMX 


7. MECHANICAL PROPERTIES 


-\':'rAilYD!iO-l, 3,5,6-TETRAiaTRO-l ,3,5 .T-TETRAZOCTHE 


IniHal modulut 


lnv«n<t timpvrtturt (1000/T) - K 
Vapor pressure vs 1/T 


50 150 250 050 t t 

^ Temperature - C G 

Temperature — v. Oj 

ex - 

A 

, , TGA curve ^ 

OTA (—) and pyrolysis (--) curves 

ibo 

Temperature - 

Specific heat vs T 


19-56 












EXPLOSIVE: BIS(2,/(,6-TRINITR0PHENYL)-DIA2INE 


2. STRUCTURE OR FORMULATION 


DESIGNATION: 


HNAB 


6. THERMAL PROPERTIES (continued) 



v=;/ 


NO, 


OjN' 


4. PHYSICAL PROPERTIES 


Physical state: solid 
Color: reddish-orange 

At. comp.: 

MW; 452.2 

Density (g/cm ): TMD: I: 1.799 

II: 1.750 

m.p. ( “C (K)): 220(493) 

b.p. (“C (K)): — , 

v.p. (rnm Hg (Pa)): 1 X 10 'at lOQoC 

(1.33 X 10'^ at 373 K) 


Crystal data; Monocllnlc 

I: (P2j/c) II: (P2^/a) 


a = 10.15 
b * 8.26 
c = 10.06 
6 “ 97.3 


a = 10.63 
b = 21.37 
o = 7.59 

fi " 102.6 


R: — 


5. CHEMICAL PROPERTIES 


^ ^d«t (MJ/kg)): *^2° (f ) •'^2° (g) 


Calc: 1.47 (6.15) 1.42 (5.94) 

Lxp: — — 

A (kcal/mol (kJ/mol)); +67-9 (+284.1) 

Solubility (s'sol., sl-sl. sol., i-insol.): 
s—acetone, butyrolactone, DMFA, DMSO, ethyl acetate 
N-inethylpyrrolldone, pyridine 
si—chloroform, benzene, ethanol, sulfuric acid, 
water 

i—carbon tetrachloride, ethyl ether 


6. THERMAL PROPERTIES 


Tg ('F (K)): — 

Cp(cal/g-‘>C(kJ/kg-K)): 

Est. 0.3 (1.25) 

o 

Thermal stability (cm of gas evolved at 120 ®C 
(393 K)): 

0.2.5 g for 22 hr: — 

1 g for 48 hr: — 


8. DETONATION PROPERTIES 


D (mm//isec (km/$)): 7.311 ( p- 1.60 ) 

P^-j (kbar (10"’ GPa)): (p= 1-60 ) 

Meas.; 205 
Calc.: — 

Ej,y|((mr.'i/iisec)^/2 (MJ/kg)); (p= ) 

6 mm: — 

19 mm: — 


9. SENSITIVITY 


H50 (m): 


5 kg: 
2.5 kg: 


12 tool 
0.37 


128 tool 
0.32 


Susan test: — 


Skid test; 

Impoct or:gle (deg (rod)) Drop ht. (ft (m)) Event 


Gap test (mi 

Is (mm)): 

(P = 

NSWC-SSGT: 

(6.38) 

(P ' 

LANL-SSGT: 

219 (5.6) 

<P ' 


X: — 

CTE: a = 80 pm/m-K 


10, ELFCTRICAL PROPERTIES: 


c : 


11. TOXICITY 


Low 
























HNAB 

7. MECHANICAL PROPERTIES 


Sound velocity (km/s): 
(p - 1.577) 


0.853 0.465 0.663 



NOTES 



0 200 500 

Temperature — *C 
DTA curve 





EXPLOSIVE- ^ ^^ ‘ ’ 2 -ethenediyl) Bis- 
■ (2,4,6-TRINITROBENZENE) 

DESIGNATION: 

HNS 

2. STRUCTURE OR FORMULATION 

6. THERMAL PROPERTIES (continued) 

NO, NO, 

Tg (“F (K)): — 

Cp(cal/g-“C (kJ/kg-K)): 

Est.; 0.40 (1.67) 

Exp.: 0.23 (0.962) 

Thermal stability (cm of gas evolved of 120 ®C 

(393 K)): 

4, PHYSICAL PROPERTIES 

0.25 g For 22 hr: 0.01 


Physical state: solid 

Color: yellow 

At. comp.: 

MW; 450.3 

Density (g/cm ): TMD; 1.740 

1 g for 43 hr: — 


8. DETONATION PROPERTIES 

D (mm/lisec (km/s)): I: 6.80 ( p= 

11: 7.00 (p - 

P^j (kbor (10"' GPa)): (p= 

Meas.: — 

Calc.: 200 

1.60 ) 

1.70 ) 

Nominal: 1.72 

m.p. ('C (K)); 1: 315-316 (588-589) with dac.; 
b.p. (*C(K)): — 11: 318 (591) 

v.p. (mm Hg (Pa)}: 

1.60 ) 

II: 1 X 10-9 at 100°C (1.33 X lO"? at 373 K) 

^cyi^ 2 (MJ/kg)): (p = 

) 

Crystal data: monocllulc P2^/c 
a - 22.13 

6 mm: — 

19 mm: _ 


b - 5.57 

c ■ 14.67 

6 - 108.4 

9. SENSITIVITY 

Hjq (m): 12 tool 

128 tool 

R: — 

5 kg: 

2.5 kg: 0.54 

0.66 


Susan test: — 


5. CHEMICAL PROPERTIES 



AH^, (kcal/g(MJ/k8)): H 2 O (i ) ^^2° (g) 



Calc: 1.42 (5.94) 1.36 (5.69) 




Exp: — — 

A (kcal/mol (kj/mol)): +18.7 (+78.74) 

Solubility (s-iol./ $1 -k!. «ol.« i - into!.): 

8l—butyrolactone, DKFA, DMSO, N-methylpyrrolldone 
i—acetone 


6 . THERMAL PROPERTIES 


A: I: 2.04 x 10 ^ cal/cm-sec-'C (0.085 W/m-K) at 293 K 
II: 1.91 X lo"^ cal/cra-aec-'C (0.080 W/ni-K) at 293 K 

CTE: a = 92 /im/m-K 


Skid te>t: 

Impoct cingU (dog (rod)) Drop ht. (ft (w)) Event 


Gap test (mils (mm 

))t 


(P = 

I: 

HSWC-SSGT: 


(5.18) 

<P - 1.694) 

II: 

N6WC-SSGT: 


(5.46) 

(P - 1.725) 

I: 

U\NI,.-SSGT: 

208 

(5.28) 

(p - 1.669) 


10, ELECTRICAL PROPERTIES: 
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MATERIAL: chlorotrifluoroethylene/viotlidine 

FLUORIDE COPOLYMER 3:1 (Binder) 

DESIGNATION : KeI"F«800 

SUPPLIER : 3 H 

2. STRUCTURAL FORMULATION 



4. PHYSICAL PROPERTIES 


Physical stal'e : solid 

Color : off-white 

At. comp. ; <CgH 2 Cl!. 3 F^^)^ 

MW: (413.5) 
in 

Density (g/cm'^ ! TMD : 

Nominol : 2.02 

m.p. (“C (K)) : 
b.p. («C (K)): 
v.p. (mm Hg (Po) ) : 


5. CHEMICAL PROPERTIES 


AH^ (kcol/mol (kj/mol) ) : -578(-2ltlB) 


Crystal data ; 


n; 1.46 

Shore hardness : D 64 


7. MECHANICAL PROPERTIES 


Tensile strength (psi (kPa) ): 350-600 (2.1)1-4.14) 


Solubility (s-soi., $l-sl. sol-, i-insol.); 

3 - acetone, butyl acetate, ethyl acetate, MEK, 
MIDK, THF 
1 - toluene 


6 . THERMAL PROPERTIES 


X: 1.26 X 10 ** cal/cm-sec-"’C (0.053 W/m-K) at 

CTE ! 314.4 K 

a " 60-105 pm/m-K < Tg 
" 300-1600 pm/m-K > Tg 
6 ^ 700 pm/m-K 


Elongation (“X) : 350 
Sound velocity (km/s): Cj^ 
(p " 2.02) 


10. ELECTRICLXL PROPERTIES 


3.00 


(p = 2.02) 


I. TOXICITY 


Tg(“F(K)): (301-311) 

Cp (cal/g-°c (kJ/kg-K) ) : Exp. 0.239 <Tk (J.OOU <Tk) 


NOTES 




















EXPLOSIVE: LEAD AZIDE 


2. STRUCTURE OR FORMULATION 



4. PHYSICAL PROPERTIES 

Physiral state: solid 


Color: white-buff 


At. comp.: Pb(N 2)2 


MW: 291 


Density (g/cm ): T.MD: 4.80 


Nominal: 4.38 dextrin. 

m.p. (»C(K)): dec. 


b.p. (“C (K)): 


v.p. (mm Hg (Pa)): 


Crystal data: a 

3 

Orthorhombic (Pnnm) Monoclinic (C2/m) ‘ I 

a « 6.63 a « 

18.49 

b - 16.25 b - 

8.84 

c"11.31 c“ 

5.12 

6 - 

107.4 

R: 35.1 obs. 


n: see Table 4-3. 


5. CHEMICAL PROPERTIES 

^ Hd^t '^2*^(jf) 

"2° (g) 

Calc: 0.367 (1.54) 

0.367 (1.54) 

Exp; 


AHj(kcal/mol (kj/mol)); +112 (+469) 


Solubility (s - sol., $1 -$1. sol., i - insol.): 


1 —water 


6 . THERMAL PROPERTIES 


X: k.2 > ]0' cal/an-sec-*C (0,176 W/in-K) 

Cfc: a axis: a - 76.9 l 

b axis: a “ 3.4 ? Um/in-K at 206 K 

c axis: a “ 18.3 J 


DESIGNATION: Lead azidc 


6 . THERMAL PROPERTIES (continued) 


Tg (“F (10): 

Cp(cal/g-<‘C(kJ/kg-K)): 

Exp. 0.09 (0.377) 

2 

Thermal stability (cm of gas evolved at 120 ' C 

(393 K): 

0.25 g for 22 hr; 

1 g for 48 hr: <0.4 


8 . DETONATION PROPERTIES 


D (mm /^Jsec (km/$)):5.5 (p=3.8 ) 

P^-j (kbor (10“' GPa)); ) 

Mtios.: 

Calc.: 

(MJ/kg)): (p= ) 

6 mm: 

19 mm: 


9. SENSITIVITY 


H 5 Q (m): 12 tool 12 B tool 


Susan test: 


Skid test: 

Impoctongle (deg (rod)) Drop ht. (ft (m)) Event 


Gap test (mils 

NSWC-SSGT; 

(mm)): 

(2723) 

(P= ) 

(p - 3.663) 

10, ELECTRICAL PROPERTIES: 

a axis: 

17 (p . 4.7) 


^• b axis: 

120 


c axis; 

40 


11. TOXICITY 


High 

















Lead azide 


7. MECHANICAL PROPERTIES 









EXPLOSIVE: 2,4,6-TRINITRO-1,3-BENZENEDIOI,, lead salt DESIGNATION: 


Lead styphnate 


2. STRUCTURE OR FORMUUTION 



4. PHYSICAL PROPERTIES 


Phyticol ttate: solid 
Color; orange-reddish brovni 
Af. comp.: C.H.N.OoPb 
MW; 46S.3 

Density (a/cin^): TMD: 3.02 

Nominal: 2.63 

m.p. {“C (K))t explodes 260-310 (533-5B3) 
b.p. (’'C(K)): 
v.p, (mm Hg (Pa)): 


6, THERMAL PROPERTIES (continued) 


Tg (“F (K)): 

Cp(cal/g-‘C(kJ/kg-K)): 


Thernxil stability (cm"^ of gas evolved at 120 ®C 
(393 K1: 

0.25 g for 22 hr: 

1 Q for 48hr: <0.4 


8. DETONATION PROPERTIES 


D (mm//jsec (km/s)): 5.2 

P^j (kbar (10"^ GPa)): 

Meas.: 

Cole.; 


( P= 2.9 ) 


£cy|(('"'"/f"«<=)‘^/2 (MJ/kg)): (p = 


Gystal data: nonocllnlc 
a - 10.06 
b - 12.58 
c - 8.05 

8 - 91.9 


19 mm: 


9. SENSITIVITY 


hen (m): 


12 tool 128 tool 


R: 73.9 obs. 
n: see Table. 4-3. 


Susan test: 


S. CHEMICAL PROPERTIES 


A (kcal/g (MJ/kg)): ^2 ° (i ) ‘¥(g) 

Calc: 0.457 (1.9i) 0.457 (1.91) 

Exp: 

AHj(kcal/mol (kj/mol)): -200.0 (- 837 ) 

Solubility ($-sol./ tl -si. so!., i-insol.): 

1—water, ether, CHCl^, benzene, toluene 
si—acetone, ethanol 


Skid test: 

Irnpoct angle (deg (rod)) Drop ht. (ft (m)) Event 





















Lead styphnate 


7. mechanical properties 



100 200 300 400 

Temperature -*C 
T6A curve 


0 200 350 

Temperature - *C 

DTA I—) and pyrolysis (--) curves 


19-66 


3/81 












EXPLOSIVE: LX-01 


DESIGNATION: 


LX-01 


2. STRUCTURE OR FORMULATION 



4. PHYSICAL PROPERTIES 

Physical state: liquid 

Color: clear 


At. comp.: 

MW: 

69°3.39 

Density (g/cm^): TMD: 

1.23 

Nominal: 

— 

m.p. (“C (K)): -54 (219) 

b.p. rC(K)): — 

v.p. (mm Hg (Pa)): 29.0 at 25°C (3866 at 298 K) 

Crystal data: — 

R: — 


5. CHEMICAL PROPERTIES 

^det (MJ/kg)): 

H 2 O ) H 2 O (g) 

Calc: 

1.72 (7.20) 1.52 (6.36) 

Exp; 

— — 

A Hj (kcal/mol (kJ/mol)); 

-27.5 (-115.2) 

Solubility (s-sol., si-si. so 

., i -insol.): — 

6 . THERMAL PROPERTIES 


6 . THERMAL PROPERTIES (conMnued) 


Tg(“F(K)): — 

Cp (cal/g-'C (kJ/kg-K)): — 


Thermal stability (cm“ of gas evolved at 120 ®C 
093 K)): 

0.25 g for 22 hr: 1.8 at 80°C (353) 

1 g for 48 hr: — 


8 . DETONATION PROPERTIES 


D (mm/;:(sec (km/s)): 6.84 ( p= 1.24 ) 


P^j (kbar (10“' GPa)): 

Meas.: 156 
Calc.: 177 


(P= 1.31 ) 


Egyl((nim//J$ec)'^/2 (MJ/kg)): (p = 
6 mm: — 

19 mm: — 


9. SENSITIVITY 


H 5 Q (m): 12 tool 12B tool 

Susan test: — 


Skid test: 

Impact angle (deg (rad)) Drop ht. (ft (m)) Event 


Gap test (mils (mm)): — 






















LX-01 

7. MECHANICAL PROPERTiES 


Initial modulus 

Failure envelope 

Ge«p 

NOTES 






EXPLOSIVE: LX-02-1 


DESIGNATION: 


LX-02 


2. STRUCTURE OR FORMULATION 


wt% 

PETN 73,5 

Butyl rubber 17.6 

Acetyitributyl citrate 6.9 

Cab-O-Sil 2.0 


|4. PHYSICAL PROPERTIES 

Physical state: puttylike solid 

Color: buff 


At. comp.: 2302 ^ 3381^^^2 

MW: 


Density (g/cm^); TMD: 1.44 


Nominal: 1.43-1.44 


m.p. (“C(K)): no fixed m. p. 

b.p. rC(K)): ^— 

v.p. (mm Hg (Pa)); — 


Oysto! data; — 

R: — 


5. CHEMICAL PROPERTIES 

^ *^det^ 2 ®(i) 

« 2 «(g) 

Calc: 1.42 (5.94) 

1.16 (4.85) 

Exp: — 

— 

A (kcol/mol (kj/rt«l)): -49,1 (-205.3) 


Solubility ($ - sol., $! -si, sol., i - insol,): — 



6 . THERMAL PROPERTIES 


— 

CTE: cr = 128.7 ^im/m-K at 244-253 K 
/3 = 385 A<m/m-K at 243-343 K 


6 . THERMAL PROPERTIES (continued) 


T (”F (K)): none above -4 (253) 

9 

Cp(cal/g-»C(kJ/kg-K)): 

Est.: 0.29 (1.21) 

Thernxal stability (cm of gas evolved at 120 *C 
(393 K)): 


0.25 g foi' 22 hr: 0.3-0.6 
1 g for 48 hr: — 


8 . DETONATION PROPERTIES 


D (tnm /M$ec (km/s)): 7.37 


(P= 1.44 ) 


P^j(kbar(10 GPa)): (p= 

Moos.: — 

Calc.: — 

£^yj((mm/psec)^/2 (MJ/kg)): (p = 
6 inm: — 

19 mm: — 


9. SENSITIVITY 


H 5 Q (m): 12 tool 


5 kg: 
2.5 kg; 


12 tool 12B tool 
0.80 — 


Susan tost: Very difficult to Ignitej small 
probability of building to a violent reaction. 


Skid test: 

Impoct otsglo (dog (rod)) Drop ht. (ft (m)) Event 


Gop test (mils (mm)): — 


10, ELECTRICAL PROPERTIES: 
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LX-02 

7, MECHANICAL PROPERTIES 








EXPLOSIVE: LX-04-1 


DESIGNATION: 


LX-04 


2. STRUCTURE OR FORMULATION 



4. PHYSICAL PROPERTIES 


Physical state: solid 
Color: yellow 

At. comp.: 30^2.30^0.52 

MW: 

3 

Density (g/rm ); TMD: 1,889 

Nominal) 1.86-1.87 
m.p. ("C (K)): dec. >250 (>523) 
b.p. (“C (K)): — 
v.p. (mm Hg (Pa)): — 


Crystal data: — 


5. CHEMICAL PROPERTIES 


AH, . (kcal/g (MJAg)): 


‘^ 2 ° (g) 


Calc: 1.42 (5.94) 1,31 (5.49) 

Exp: 1.31 (5.49) 1.25 (5.23) 


A (kcal/mol (kJ/mol)): “21,5 (-90,1) 


Solubility (s - sol., si -si. sol., i - insol .): — 


6 , THERMAL PROPERTIES 


10.7 10 ^ cal/cm-sec-°Ci (0.448 W/iii-K) at 293 K 

CTE: 

.. = 28.5 uin./in.-‘’F at -65 to -18‘'F 
(51.3 uni/m-K at 219-245 K) 

\ - 39.5 Min./in. -“F at -18 to 165''F 
(7i.l um/m-K at 245-347 K) 


6 . THERMAL PROPERTIES (continued) 


Tg (“F (K)): -18 (245) 
Cp(cal/g-"C(kJ/kg-K)): 


Thermal stability (cm of gas evolved at 120 ®C 
(393 K)): 


0.25 g for 22 hr: 0.01-0.04 
1 g for 48 hr: — 


8 . DETONATION PROPERTIES 


D (mm /psec (km/s)): 8.46 


(p= 1.86 


P^j (kbai (10"' GPa)): (p= 1.865 ) 

Meos.) 350 
Calc,: 330 

E .((mm//jsec)^/2 (MJ/kg)): (p= 1.865 ) 

cyi 

6 mm: 1.170 
19 mm: 1.470 


9. SENSITIVITY 


H 50 (nt): 12 tool 128 tool 

0.41 


5 kg: 
2.5 kg: 


128 tool 
0.55 


Susan test: Threshold velocity 140-150 ft/sec 
(43-46 m/s); moderately easy to ignite; low 
probability of building to a violent reaction, 
Some geometries detonate high-order. 

Skid test: 


14 

(0.24) 

2.5 

(0.76) 

2 

45 

(0.79) 

3.5 

(1.07) 

1 

Gap test (ml 

is (mm)): 




NSWn-S3GT: 

LX-04-0 

(6.10) 

(P 

- 1.828) 

lANL-SSGT: 

LX-04-1 


(P 

- 1.865) 

Frc-1965: 

60-80 

(1.5-2.0) 



FoHt-1965 

: 40-60 

(1.0-1.5) 



UNI.-S.SGT: 

LX-04-0 

(2.31) 

(P 

- 1.840) 

LAHL-LSGT: 

LX-04- 1 

(51.70 

(P 

- 1.855) 

PX-CT: 


(20.3) 

(P 

" 1.86) 

10. ELECTRICAL PROPERTIES: 

c : 3.44 



(p = 

1.86) 

11. TOXICITY 





















Tensile modulus (E I — GPa 


LX-04 

7. MECHANICAL PROPERTIES 



19-72 


3/81 












EXPLOSIVE: LX-07-2 


DESIGNATION: 


LX-07 


STRUCTURE OR FORMULATION 



4. PHYSICAL PROPERTIES 


Physical state: solirl 
Color: orange 

At. comp.: ^i.48^i2,62^2.43^2.43^0.35 

MW: 

Density (g/cm^): TMD: 1.892 

Nominal: 1.86 -1.87 

m.p. (“C (K)): dec. >250 <>523) 
b.p. pC(K)): — 
v.p. (mm Hg (Pa)); — 


6. THERMAL PROPERTIES (continued) 


T ("F (K)): -18 (245) 

S 

Cp (cal/g-‘C (kJ/kg-K)): 


Thermal stability (cm of gas evolved at 120 ®C 
(393 K)): 

0.25 g for 22 hr: 0.01-0.04 
1 g for 48 hr: — 


8. DETONATION PROPERTIES 


D (mm /|isec (km/$)): 8.64 

P^j (kbar (10"' GPo)): 

Meat,: — 

Calc.' 346 


(P= 1.87 ) 


(p= 1.865 ) 


Crystal data: — 


5. CHEMICAL PROPERTIES 


Ecy|(('"'"/f“®<=) /2 (MJ/kg)): (p= 1,857 ) 

l.X-07-1 
6 mm: 1,250 
19 mm: 1.575 


9. SENSITIVITY 


HgQ (m): 


12 tool 12B tool 


5 kg: 
2.5 kg: 


Susan test: Threshold velocity '“125 ft/sec 
(■“38 ni/s); has moderate buildup to violent 
reaction (LX-07-2). 


A H^, (kcol/g (MJ/kg)): ^2° {t) {g) 


Calc: 1.49 (6.23) 1.37 (5.73) 

Exp: — ~ 


A Hj: (kcal/mol (kJ/tr»l)): -12.3 (-51.7) 

Solubility (s-sol., si-si. sol., i - insol.): — 


6. THERMAL PROPERTIES 


A: 12.0 X 10 ^ cal/cin-aec-°C (0.502 W/m-K) at 293 K 

CTE: 

a - 26.7 ;iin./in,- F at -65* to -18* F 
(48 um/ni-K at 219-245 K) 
a “ 34.8 tiin./in.- F at -18* to 165* v 
(63 tim/m-K at 245-347 K) 

B - 182.9 ura/m-K at 243-343 K 


Skid test: 

Impact angle (deg (rad)) Drop ht. (ft (m)) Event 


'l4 (0.24) 2.5 (0.76) 6 

‘■‘45 (0.79) 7.1 (2.16) 5 

"LX-07-1 

Gop test (mils (mm)): (p= 1.857 ) 

LANL-SSCT: 70-90 (1.8-2.3) (LX-07-1) 

L4NL-SSGT: 70-90 (1.8-2.3) (p - 1.859)(L-07-2) 


10. ELECTRICAL PROPERTIES: 



3/81 


19-73 























19-74 














EXPLOSIVE: LX-08-0 


DESIGNATION: 


LX-08 


6. THERMAL PROPERTIES (continued) 


2. STRUCTURE OR FORMULATION 



wt% 

PETN 

63.7 

Sylgard 

34.3 

Cab-O-Sil 

2.0 


4. PHYSICAL PROPERTIES 

Physical state: puttylike solid 
Color: blue 

At. comp.; Ci^gsH^^ggN^^g^Og^ggSiQ^g^j 
MWi 100 

Density (g/cm ): TMD: 1.439 

Nominal: ^1.42 

m.p. (“C (K)); 129-135 (402-408) with dec. 

b.p.rC(K)': — 

v.p. (mm Hg (:*a)): — 


Crystal data: — 


R: 


5. CHEMICAL PROPERTIES 

A (kcal/g (MJ/kg)): (i ) ^2^ (g) 

Calc: 1.98 (8.27) 1.77 (7.41) 

Exp: — — 

A H^ (kcta/lOOg (kJ/lOOg)): -LL (-184.1} 

Solubility ($ - sol., $1 -si. so!. / i - insol.): — 


Tg(“F(K)): — 

Cp(ca!/g-“C (kJ/kg-K)): 

Est.: 0.28 (1.17) 

3 

Thermal stability (cm of gas evolved at 120 ®C 
(393 K)): 

0.25 g for 22 hr: — 

1 g for 48 hr: — 

8. DETONATION PROPERTIES ~ 

D (mm//Jsec (km/$)): 6,56 ( P= kl.42 ) 

P^j (kbor (10"’ GPo)): (p= ) 

Maas,; — 

Calc.: — 

Ecyi(('"'f/f««'=)^/2 (MJ/kg)): (p= ) 

6 mm: — 
i 9 mm: — 

9. SENSITIVITY _ 

HgQ (m): 12 tool 12B tool 

5 kg: Cui’ed 0.32 
Uncured O.SL 

Sunn test: — 


Skid test: 

Impoct ongle (deg (rod)) Drop ht. (ft (m)) Event 

Gap test (mils (mm)): (p= ) 


6 . 


h 


THERMAL PROPERTIES 


10. ELECTRICAL PROPERTIES: 


CTE; 

O" 104.5 (Jin. /iii.-®F (1C» ra/m-K) 
8 “ 565 I'm/m-k 


e : — 


11. TOXICITY 


























-08 

7. MECl^NICAL PROPERTIES 


IniMal modulut 


Failure env 

NOTES 


Creep 



<1 








EXPLOSIVE: LX-09-0, LX-09-1 


2. STRUCTURE OR FORMULATION 


_wt%_ 

LX-09-0 LX-09-1 


pDNPA 

KEFO 


4. PHYSICAL PROPERTIES 


Phyticol stale: solid 
Color: purple 

At. comp.: Cj^^3H2_.^^N2^5gO2^.^2^0.02 
MW: 

Density (g/crn^): TMD: 1.867 

Nominal! 1.84-1,. 85 

m.p.(*C(K)): dec. >280 (>253) 
b.p. rC(K)): — 
v.p. (mm Hg (Po)): — 


Crystal date: 


R: -- 


5. CHEMICAL PROPERTIES 

A (kcal/a (MJ/ks)): ^^2° {t) ^2°(b) 


Calc: 1.60 (6.69) 1.46 (6.11) 

Exp: — — 


A H, (kcol/mol (kj/mol)); +1.82 (+7.61) (LX-09-0) 

+2.004 (+8.30) (LX-09-1) 


Solubility (s - sol., si -si. sol., i - insol.): 


6. THERMAL PROPERTIES 


A: 12.3 lO"** cal/cin-sec-^C (0.515 W/iii-K) at 293 K 

CTE: 

.1 “ 27.1 uin./ln,-°r at -65 to -XO^F 
(48.8 gm/m-K at 219-244 K) 

.( " 31.0 gln./ir,.-<>F at -20 to lOS^F 
(55.8 gni/m~K at 244-347 K) 


DESIGNATION: 


LX-09 


6. THERMAL PROPERTIES (continued) 


T ('*F(K)): -20 (244) 

9 


C^ .cal/g-”C (kJ/kg-K)): 


Thfirmol stobility (cm' of gas ivolved at 120 “C 
(393 K)): 


0.25 g for 22 hr: 0.03-0.07 LX-09-0 


1 g for 48 hr: — 


8. DETONATION PROPERTIES 


D (mm/psec (km/s)): LX-09-l! ( p= 1,84 ) 

8.81 


P^j (kbor (10"' GPa)): 


(p= 1.837 ) 


Meas.: 377 
Cole.: 373 


LX-09-0 


E |((mm/psec)V2 (MJ/kg)): (p= 1.836 ) 

^ LX-09-0 


6 mm: 1.320 
19 mm' 1.675 


9. SENSITIVITY 


H50 (ni); 


12 tool 12B fool 


LX-09-0 5 kg: 

2.5 kg: 


Susan test! Threshold velocity ~110 ft/sec 
(“34 m/s); has high probability of rapid 
buildup to violent reaction. 


Skid test: 

Imf xict ongle (deg (rod)) Drop hv. (ft (m)) Event 

LX~09-0: 14 (0.24) 1,25 (0.38) 6 

LX-09-0: 45 (0.79) 5.0 (1.52) 6 


Gap test (mils (mm)): 

LX-09~0: LANL-SSGT: 75-105 (1.9-2.7)(p - 1.835) 
LX-09-0: LANL-LSCT: (58.47) (p - 1.834) 


10, ELECTRICAL PROPERTIES: 



19-77 













Tensile modulus (E_) — GPa 













EXPLOSIVE: LX-10-0, LX-10-1 


DESIGNATION: 


LX-10 


2. STRUCTURE OR FORMULATION 


wt% 

LX-lO-g LX-10-1 

95 94.5 


Viton A 


6. THERMAL PROPERTIES (continued) 


TgC^FCK)): -10(245) 
C„(col/g-‘C (kJ/kg-K)): 

r 


4. PHYSICAL PROPERTIES 


Physical state: solid* 1.410 2.663'2.579 2.579 0.166 

Color: blue-green spote on . hite 

At. comp.s LX-10-0: 66^2.57^2.57*^0.17 

LX-10-0 L X-10-1 

Density (g/cm^): TMDs 1.896 1.895 

Nominal! 1.850-1.868 1.070 

m.p. ( “C (K)): dec. >250 (>523) 
b.p. (»C(K))! — 

v.p. (mm Hg (Pa)): — 


Thermal stability (cm"' of ga,\ *»volvcd at 120 “C 
(393 K)): 

LX-1 0-0 LX-10,-1 

0.25 g for 22 he; 0.02 O.Ol-oTOS 

1 g for 48 hr: — 


8, DETONATION PROPERTIES 


D (mm//«ec (km/s)): LX-'iO-O: ( p~ 1.86 ) 

8.82 

, LX-lO-l: 8.8S (p - 1.87) 

Pj,j (kbor (10“' GPa)): {p--- 1.860 ) 

Meas.: 375 
Calc.; 360 

Ecy|(("''”/l""c)^/2 (MJ/kg)): (p= 1.862 ) 


Crystal data: 


R: ~ 


5. CHEMICAL PROPERTIES 


A H^j (kcol/g (MJ/kg)): ^^2^ (i) **2^(0) 


Calc: 1.55 (6.49) 1.47 (5.94) 

Exp: — — 


A Hf (kcal/lO(JG(kJ/lOOg)): -3.14 (-13.1) 
Solubility (s-so!., si -si, sol./ i -insol.): — 


12B tool 


19 mm: 1,670 


9. SENSITIVITY 


H50 (m): 12 tool 12Bj 

LX-10-0 5 kg! 0.-15 - 

LX-10-0 2.5 kg! 0.40 - 

LX-10-1 2.5 kg! — 0.: 

Susan test! Threshold velocity ~ 120 ft/sec 
(~37 m/s); has high probability of rapid 
buildup to violent reaction. 


Skid test: 

Impoct ongle (deg (rod)) Drop ht. (ft (m)) Event 
LX-IO-O: 14 (0.24) 1.25 (0.38) 6 

LX-10-0: 45 (0.79) 3.5 (1.07) 6 

LX-10-1: 14 (0.24) 1,25 (0.38) C 

LX-lO-l! 45 (0.24) 3.5 (1.07) 6 

Gap test (mils (mm)): (p= 1,872 ) 

UNL-SSGT: 80-100 (2.0-2.5) 


6. THERMAL PROPERTIES 


A: 12.3 X 10 "^ cal/cni-sec-‘’C <0.515 W/m-K) at 293 K 


QL - 24.8 pin./in.-“F at -65 to 0"F 
(44.6 pm/m-K at 219-255 K) 
a - 26.2 pin./in.-“F at 0 to les'T 
(47.0 pra/m-K at 255-347 K) 


10, ELECTRICAL PROPERTIES: 



11. TOXICITY 



































EXPLOSIVE; LX-11-0 


DESIGNATION: 


LX-11 


2. STRUCTURE OR FORMULATION 



4. PHYSICAL PROPERTIES 

Physical state: solid 

Color: white 


At. corr,,..: ^ 

MW: 


Density (g/c.,. /; TMD: — 


Nominal; 1.87-1.88 


m.p. (®C (K)): dec. >250 (>523) 
b.p. CC (K)): — 

v,p. (mm Hg (Pa)): — 


Crystal data; _ 

R: — 


5. CHEMICAL PROPERTIES j 

AH^„, (kcal/g (MJ/kg)): ^'2°(i) 

(g) 

Calc: 1.38 (5.77) 

1.28 (5.36) 

Exp: 1.12 (4.69) 

1.16 (4.85) 

A (kcal/mol (kJ/msI)): -30.73 (-128.6) 

Solubility (s - sol., si -$l. sol., i - insol.): 


6 . THERMAL PROPERTIES 


6 . THERMAL PROPERTIES (continued) 


Tg (‘F (K)); -18 (245) 

Cp (cal/g-“C (kJ/kg-K)): 

Est.: 0.31 (),.26) 

Thermal stability (cm of gas evolved at 120 ®C 
(393 K)): 

0.25 g for 22 hr: 0.01-0.04 
1 g for 48 hr: — 


8 . DETONATION PROPERTIES 


D (mm/^sec (km/s)): 8.32 (P= 1.87 ) 


Ppj(kbar(10 GPo)): 

Meas.: — 

Calc.: 310 


(P= 1.87 ) 


Ecy|(('""'/^®<=)^/2 (MJ/kg)): (p= 1.876 ) 

6 mm: 1.105 
19 mm: 1.360 


9. SENSITIVITY 


H 50 12 tool 12 B tool 

0.59 — 


5 kg: 
2.5 kg; 


X: (est.) 0.21 Btu/hr-ft-'-C (0.363 W/m-K) at 294 K 
CTE: 

.t “ (est.) 31 Uin./in.-“F at -65 to -10“F 
(56 Um/m-K at 219-249 K) 
a “ (est.) 46 uin./in.-°F at IO-165'’F 
(83 tim/m-K at 261-347 K) 


Susan test: Threshold velocity ~ 170 ft/sec 
(~53 m/s); is moderately difficult to ignite 
and has very low probability of buildup to 
violent reaction. 


Skid test: 

Impact ongla (dog (rad)) Drop ht. (ft (m)) Event 


Gap test (mils (mm)): (p- 1.867 ) 

LANL-SSGT: 45-65 (1.1-1.7) 


10. ELECTRICAL PROPERTIES: 



11. TOXICITY 























EXPLOSIVE: LX-14-0 


DESIGNATION: 


LX-14 


2. STRUCTURE OR FORMULATION 


6. THERMAL PROPERTIES (conlinued) 


II MX 

Estane 5702-FI 


wt% 

95.5 

4.5 


4. PHYSICAL PROPERTIES 

Physical state; solid 

Color: violet spots on white 


At. comp.; Cj^_52’'2.92^2.59°2.66 

MW; 

Density (g/cm'’): TMD: 1.849 


Nominal: 1.03 


m.p. (‘C (K)): dec. >270 (>543) 
b.p. CC (K)); 
v.p. (mm Hg (Pa)): 


Crystal date; 

R: 


5, CHEMICAL PROPERTIES 

AHj^^ (kcol/g (MJ/kg)): 

*^2° (g) 

Calc: 1.58 (6.59) 

Exp: 

1.43 (5.95) 

A Hj (kcal/mul (kJ/ rtx)l)): +1.50 (+0.28) 


.Solubility (s-solsi-si. sol., I - insol.): _ 

— 

6. THERMAL PROPERTIES 


Tg CF (K)): _ 

Cp(cal/g-»C(kJ/kg-K))! 


3 

Thermal stabilify (cm of gos evolved at 120 ®C 
(393 K))! 

0.25 g for 22 hr: 0.02 
1 g for 48 hr; 0.03 


8. DETONATION PROPERTIES 


D (mtr.//i!$cc (km/s)): 8.83 ( p= 1.835 ) 

(kbar do"’ GPa)): (p= 1.833 ) 

Meat.: 370 
Calc.: - 

E^y,((mm/p*ec)V2 (MJ/kg)): (p= 1.835 ) 

6 mm: O.^SS 
19mm: 1.6143 


9. SENSITIVITY 


Hgo 


2.5 kg: 


12 too l 
0.53~ 


12B tool 
0.51 


Susan test; Threshold velocity -48 m/s; la 
moderately easy to Accidental 

mechanical ignition would have moderately low 
probability of building to violent -euction or 
detonation, 


Skid tost: 

Impact onglo ( deg (rod )) Drop ht. (ft (m) ) Event 

14 (0.24) 1.25 (0..38) 3 

45 (0.79) 5.0 (1.52) 4 

Gap test (mils (mm)); (p= 1.833 ) 

LANL-SSGT; 60-80 (1.5-2.0) 


A: 10.42 X 10“^ cal/cm-sec--'’C (0.439 W/m--K) at 293 K 

CTE: - 27 uln./iii.-‘’F <30°F 

(48.5 um/m-K <239 K) 
a “ 31 uin./ln.-'’F >30°F 
(55.8 uin/m-K >239 K) 


10. ELECTRICAL PROPERTIES: 


11. TOXICITY 



















LX-14 

7. MECHANICAL PROPERTIES 


















EXPLOSIVE: LX-IS 


DESIGNATION: 


LX-15 


2. STRUCTURE OR FORMULATION 



A. PHYSICAL PROPERTIES 


Physical state: solid 
Color: beige 

At. comp.: 29*'l.27''2.53 “ = 

MW: 100 

Density (g/cm ): TMD: 1.752 

Nominal: 

m.p. (•C(K)): 313(586) 
b.p. rC(K);: 
v.p. (mm Hg (Pa)): 


6. THERMAL PROPERTIES (continued) 


Tg(*F(K)): 

Cp(c'il/g-’*C(kJAg-K)): 


Thermal stability (cm"^ of gos evolved at 120 ®C 
(393 K)): 


0.25 g for 22 hr: 0.069 
1 g for 48 hr: 


8. DETONATION PROPERTIES 


D (mm/psec (krn/s)): 6.84 ( p= 1.584 ) 


P^j (kbar (10'' GPa)): 


(P= 1.58 ) 


Mens.: — 
Calc.: 188 


Oystal data: 


5. CHEMICAL PROPERTIES 


Ecy|(('”'"/i^»«)^/2 (MJ/kg)): (p= 1.58 ) 

6 mm: 0.700 

19mm:0.929 


9. SENSITIVITY 


Hca (id): 


2.5 kg: 


Susan test: 


12 tool 128 tool 


A (kcal/g (MJ/kg)): ^2°(i) V (g) 

Calc: 1.53 (6.40) 1.34 (5.61) 

Exp: 

A H^ (kcal/l00g(kj/l00g)): -k.3k (-18.l6) 


Skid test: 


Impact angle (dec 


Drop ht. (ft (m)) Event 


Solubility (s - sol./ si -si. sol., I - insol.): 


Gap test (mils (mm)): 
UHL-SSGT: 234 (5.94) 


6. THERMAL PROPERTIES 


10, ELECTRICAL PROPERTIES: 



19-85 






















LX-15 

7. MECHANICAL PROPERTIES 


Sound velocity (km/s)! 

(p- 1.58) 1.749 1.038 1.274 


Initial modulut 













EXPLOSIVE: LX-16 


DESIGNATION: 


LX-16 


2. STRUCTURE OR FORMULATION 



4. PHYSICAL PROPERTIES 


Ph/sical stole: solid 
Color: white 

At. comp.: C H N o f 

)..6l“2.52”l.22^3.64^0.05 

MW: 

Density (g/crn^): TMD: 

Nominal: 1.59-1.60 

m.p. (“C (K)): 
b.p. (“C(K)): 
v.p. (mm Hg (Pa)): 


6. THERMAL PROPERTIES (continued) 


T rP (K)): 
g • 

Cp(cal/g-'>C (kv!/kg-K)): 


Thermal stability (cm"^ of gas evolved ot 120 “C 
(393 KT: 

0.25 g for 22 hr: 0. 38 
1 g for 43 hr: 


8. DETONATION PROPERTIES 


D (mm /psac (km/$)): 


P^j (kbor (10“' GPa)); (p = 

Meas.: 

Calc.: 

Ecy|((mm/psec)^/2 (MJ/kg)): (p = 


Crystal data: 


5. CHEMICAL PROPERTIES 


9. SENSITIVITY 


hen (nt): 


Susan test: 


12 tool 12B tool 


5 kg: 0.18 


^ (kcal/g (MJ/kg)): ^2° (i ) ^2° (g) _ 

Calc; 1.59 (6.65) 1.46 (6.11) 

Exp: 

A Hj (kcal/mol (kJ/mol)): -42.71 (-178. 7) 


Skid test: 

Impoct ongle (deg (rad)) Drop ht. (ft (m)) Event 


Solubility (s -sol,, si -$l, sol., i - insol.): 


Gop test (mils (mm)): 


6. THERMAL PROPERTIES 


10. ELECTRICAL PROPERTIES: 

























7. MECHANICAL PROPERTIES 




NOTES 



Temperature — C 
DTA curve 


















EXPLOSIVE: LX-17-0 


DESIGNATION: 


LX-17 


2. STRUCTURE OR FORMULATION 



4. PHYSICAL PROPERTIES 


Physical slate: solid 
Color: yellow 

At. comp.: S_2<,H2.18«2.15°2.15 
MW: — 

Density (g/cm ): TMD: 1.944 

Nominal; 1.89-1.94 

m.p. ("C(K)): 
b.p. ('‘C(K)): 

v.p. (mm Hg (Pa)): 1.1 x lo at 150“C (i.46 x lo 

at 423 K) 


Crystal data: 


6. THERMAL PROPERTIES (continued) 


Tg ("F (K)): 

Cp(cal/g-“C(kJ/kg~K)): 

Exp. 0.27 (1.13;' 

Thermal stability (cm of gos evolved at 120 “C 
(393 K^: 

0.25 g for 22 hr: <0.02 
1 g for 48 hr: £0.02 


8. DETONATION PROPERTIES 


D (mm/psic (km/s)): 7.63 ( P~ 1.908 ) 

P^-j (kbar (K)"’ GPa)); (p= 1.900 ) 

Meas.: 300 
Calc.: 

E^^|((mm/i«ec)^/2 (MJ/kg)): (p= 1.908 ) 


6 mm: 0.87 
19 mm: 1.07 


9. SENSITIVITY 


Hcq (m): 


12 tool 12B tool 


2.5 kg; 


Susan test: Behaves like a mock HE to 
threshold velocity of ..1000 m/s. 


5. CHEMICAL PROPERTIES 


AH, (kcol/fl (MJ/kg)): HjO 


Calc: 1-31 (5.48) 1.02 (4.27) 

Exp: 


AHf(kcal/mol (kj/mol)): -24.04 (-100.6) 
Solubility (s-sol., si -si. sol., i -insol.): 


6. THERMAL PROPERTIES 


X; 19.1 X 10“^ cal/sec-™-‘’c at (0.799 W/m-K) at 293 

CTE: a - 40.4 ym/m-K at 219-288 K 
a - 60.2 ym/m-K at 288-347 K 


Skid test: 

Impact angle (dog (rod)) Drop ht. (ft (m)) Event 


no reaction 


Gap test (mils (mm)): (1.35) 
PX-OT 

(2.29) 


10, ELECTRICAL PROPERTIES: 


(p= 1.902 ) 

pressed 
(p - 1.899 ) 

machined 



n. TOXICITY 



































EXPLOSIVE: MEN-11 


DESIGNATION: 


MEN-II 


2. STRUCTURE OR FORMUIATION 


6, THERMAL PROPERTIES (conHnued) 


wt% 

NM 72.2 

Methiinol 23.4 

Ec):ylcne diamine 4.4 


4. PHYSICAL PROPERTIES 


Ph/sicol state: liquid 
Color; clear 
At. comp.: 

MW: 

2 

Density (g/cm ): TMD: 1.017 

Nominal: 

m.p. ( "C (K)): 313 (586) 

b.p. («C(K)): 
v.p. (mm Hg (Pa)): 


Crystal data: 


R: 


5. CHEMICAL PROPERTIES 


^ H^et (MJ/kg)): ''*2^ (g) 

Calc: 1.38 (5.77) 1.05 (4.39) 

Exp; 

AHj(kcal/mol (kj/mol)): -74.3 (-310.7) 

Solubility (s -sol. / si ~sl. sol., i - insoi.): 


6. THERMAL PROPERTIE: 


Tg (“F (K)): 


Cp (cal/g-“C (kJ/kg-K)): 


TherrTKil stability (cm"^ of gas evolved at 120 “C 
(393 K): 

0.25 g for 22 hr: 

1 g for 48 hr: 


8. DETONATION PROPERTIES 


D (mm/psec (km/s)): 5.49 ( 1.02 ) 

^-l 


P(-j (kbor (10 ' GPa)): 

Maas.: — 

Calc.: 113 


(p= 1.017 ) 


Ecy|(('"'^/AS«'c)‘^/2 (MJ/kg)): (p = 
6 mm: 

19 mm: 


9. SENSITIVITY 


Hjq (m): 


Susan test: 


12 tool 12Btool 


Skid tost; 

Impoct ongle (deg (rod)) Drop ht. (ft (m)) Event 


<5op test (mils (mm)): 


(P= 


\: 

CTE: 


10. ELECTRICAL PROPERTIES: 


e : 


11. TOXICITY 


3/81 


19-91 














NOTES 





:V.V ' ■;> 


■ . li, ^'ri ■ » 


'■-V 












EXPLOSIVE: MINOL-2 


DESIGNATION: 


Miiio!-2 


2. STRUCTURE OR FORMULATION 



4. PHYSICAL PROPERTIES 


Ph/ilcal stafe; solid 
Color: gray 

AKcomp.: C^,23^i2.B8^.53^2.56^^0.7A 
MV/i 100 

Donilty (g/cm^): TMD: 

Nominol; 1.70 

m.p. (*C (K))t 
b.p. rc(Kn: 
v.p. (mm Hg (Pa)}: 


6. THERMAL PROPERTIES (conlinued) 


TgCF (K)): 

C„(oal/g-'*C (kJAg-K)): 

P 

Exp. 0,30 at -5®C (1.25 at 268 K) 

Thermal stabilU/ (cm of ga$ evolved at 120 “C 
(393 K)): 

0.25 g for 22 hr: 0.105 
1 g for 48 hr: 


8. DETONATION PROPERTIES 


D (mm /mjoc (km/$)): 5.82 (p“1.68 ) 


P^j (kbar (10"' GPo)): 


Meat.: 
Calc.: 


Ecyl((mm/ptdc)'^/2 (MJ/kg)): (p = 


Gyitol data: 


19 mm: 


9, SENSITIVITY 


Hen (m): 


12 tool 12B fool 


Sutart test: 


5. CHEMICAL PROPERTIES 


A H^j (kcol/g (MJ/kg)): _ (g) _ 

Cole: 2.01 (8.41) 1.86 (7,78) 

Exp: 

A Hj (kcal/l008(u/l006)): -h6.U3 (-19^.3) 

Solubilit) (t-fol., tl-il. mI., 1 •■intol.): 


Skid letf: 

Impact angle (deg (rod)) Drop ht. (ft (m)) Event 


Gap teit (mill (mm)): 


6. THERMAL PROPERTIES 


X: 16.5 X io“^ cal/cm-H5c-*C (0.690 W/m-K) 
CTE: 


10, ELECTRICAL PROPERTIES: 


































EXPLOSIVE: NITROCELLULOSE 


DESIGNATION: 


2. STRUCTURE OR FORMUUTION 


6. THERMAL PROPERTIES (conHnued) 



Tg ('’P (K)): 


Cp(cal/s-“C(kJ/kg-K)): 

Exp. 0.268 at 25'’C (1.12 at 298 K) : 12Z N 
Exp. 0.247 at 25°C (1.033 at 298 K) :13.35% N 


Thernwl stability (cm'^ of gas evolved at 120 “C 
(393 K)): 


4. PHYSICAL PROPERTIES 


0.25 g for 22 hr: 1.0-1.2 


Physical state: solid lli.lLto 

(Dslor: white 13 . 35 f.il 

At. comp.! ^( 5 H.f,Yl,” 2 . 26 '^ 9 , 52 ]^ ^ 6 ^ 7 . 29 ^ 2 .tAo. kiln 

kA\fJ* 


1 g for 48 hr: 5.0 


8. DETONATION PROPERTIES 


MW: ( 263 . 9 )^ ( 283 . 9 )^ (297.1) 

Density (g/cm ): TMD: 1.653 1.656 1.659 

Nominal; 1.50 

m.p. ( “C (K)): dec. >13:3 (408) 
b.p. rC(K)): — 

v.p. (mm Hg (Pa)): .— 


D (mm /psec (km/s)): 
13.35% N: 7.30 


(p= 1.20 


P^j (kbar (10"' GPa)): 


(P= 1.58 ) 


Maas.: — 


Calc.: 200 (12% N) 

210 (13.35% N) 


(p - 1.58) 


Egyi((mm/psec) /2 (MJ/kg)): (p = 


Crystal data: 


6 mm: — 


19 mm: — 


9. SENSITIVITY 




12 tool 12B tool 


5 k&* 
12 % H: 2.5 kg: 


Susan test: 


5. CHEMICAL PROPERTIES 




(g) 


12% N Calc: I.IG (4.85) 1.02 (4.27) 

13.35% N Calc: 1.16 (4.85) 1.02 (4.27) 


A Hf (kcal/mol (kJ/moi)): 12% N: - 17 k (-727) 

13.35% N: -163 (-602) 

Ik.lkfN: -156 (- 653 ) 

Solubility (s-solsi -si. soj,, i - insol.): 


Skid test: 

impact angle (dog (rad)) Drop ht. (ft (m)) Event 


Solubility (s-solsi -si. soj,, i - insol.): 
a—acetone, ethyl acetate 
si—ethanol 

i—carbon tetrachloride, chloroform, ethyl ether. 


6, THERMAL PROPERTIES 


a: 5.5 X lo” cal/cni-Gec-®C (0.230 W/m-K) : 12% 
CTE: a - 80-120 pm/m-K at 219-239 K 12% 




19--95 










































EXPLOSIVE: 1,2,3-PROPANETRIOL TRINITRATE DESIGNATION: 


2. STRUCTURE OR FORMULATION 


H, H H, 

I ^ I !■<! 


c c C O — NO. 

I I 2 

OjN — O O-NOj 


4. PHYSICAL PROPERTIES 


Physical stale: liquid 
Color: clear 
At. comp.: CgH^NgOg 
MW: 22V. 1 

Density (fl/cm )t TMD: 1.596 
Nominal: — 

m.p. ("C (K)): 13.2 (286) 
b.p. (•C(K)): — 

v.p. (mm Hg (Pa)): 0.0015 at 20°C (0.2 at 293 K) 


6. THERMAL PROPERTIES (continued) 


T (“F (K)): — 

Cp(cal/g-'>C (kJ/kg-K)): 

Exp. 0.356 at 35-200°C (1.49 at 308-473 K) 

Thermal stability (cm of gas evolved at 120 *C 
(393 K)): 

0,25 g for 22 hr: — 

1 g for 48 hr: — 


8, DETONATION PROPERTIES 


D (mm/^JSBC (km/s)): 7.70 ( p= 1.60 ) 

P^j (kbar (10“’ GPa)): (p= 1.59 ) 

Meas.: 253 
Calc.: 251 


Ecy|(('""'/A**c)^/2 (MJ/kg)): (p = 


Oystal data: — 


19 mm: — 


9, SENSITIVITY 


Hen (m): 


12 tool 12B tool 

5 kg: _ _ 

2.5 kg: 0.20 


nt 1.4732 at 20°C (293 K) 


5. CHEMICAL PROPERTIES 


Susan test: 


A H, j (kcal/g (MJ/kg)): ^2° (4 ) (g) 


Calc: 1.59 (6,65) 

Exp; — 


1.48 (6.19) 


AK^(kcal/mol (kj/nsol)): -08.6 (-371) 


Skid test: 

Impact angle (deg (rod)) Drop ht. (ft (m)) Event 


Solubility (s-sol., si -si. sol., i -insol.): 
a — acetone, benzene, cliloroform, ethanol, ethyl 
acetate, ethyl ether, nitric acid, sulfuric acid, 
pyridine 

si — carbon disulfide, carbon tetrachloride, water 


6, THERMAL PROPERTIES 


Gop test (mils (mm)): — 


10, ELECTRICAL PROPERTIES: 























NG 

7. MECHANICAL PROPERTIES 



19-98 













EXPLOSIVE: NITROMETHANE 

DESIGNATION: NM 

2. STRUCTURE OR FORMULATION 

6. THERMAL PROPERTIES (continued) 

H 

1 

H-C — NOj 

Tg ("F (K)): — 

(cal/g-‘’C (kJ/kg-K)):- 

P 

H 

Thermal stability (cm of gos evolved at 120 “C 
(393 K)): 

4. PHYSICAL PROPERTIES 

0.25 g for 22 hr: — 

Phytical state: liquid 

Color: clear 

1 g for 48 hr: — 

At. comp.: C^HgN^Og 

MW: 61.0 

Density (g/cm^): TMD: 1.13 at 293 K 

Nominal: — 

m.p. ("C (K)): -29 (244) 
b.p. (•C(K)): 101(374) 
v.p. (mm Hg (Po)): 37 at 2.')°C (4933 at 298 K) 

8 . DETONATION PROPERTIES 

D (mm//isec (km/s)): 6.35 i P- 1.13 ) 

P(.j(kbar (10"’ GPo)): (p= 1,135 ) 

Meos.: 125 

Calc.: 144 


Egy|((mm/psec)^/2 (MJ/kg)): (p= 1.14 ) 

Crystal data: (P2j2j2j) at -268.8°C 

a « 5.18 
b - 6.24 

6 mm: 0.560 284-288 K 

19 mm: 0.745 J 

9. SENSITIVITY 

c - 8.52 

H 50 (ni): 12 tool 12 B tool 

R: — 

n: 1.641 «t 20.4<C and 8.65 r.Pa 

5 kg: 

2.5 kg: >3.20 

Suson test: — 

5. CHEMICAL PROPERTIES 


A (kcal/g (MJ/kg)): ^2® (i ) (g) 

Calc: 1.62 (6.78) 1.36 (5.69) 
Exp: 1.23 (5.15) 1.06 (4.44) 

AH^(kcal/mol (kJ/mol)); -27 (-113) 

Skid test: 

impact arsgle (deg (rod)) D.'op ht. (ft (m)) Event 

Solubility (s-sol./ si-si. sol. / 1-Intel.): 

0 — DMFA, DMSO, ethanol, etliyl ether, water 

. 

Gap test (mils (mm)): (morJlfied) (p- — ) 

lANL-SSGT: 7-17 (0.18-0,43) 
lANL-SSGT: 2-8 (0.05-0.20) 

SRI-GT: (5.1-10.2) 

6. THERMAL PROPERTIES 


10, ELECTRICAL PROPERTIES: 

aj 

CTE: — 

c * - 


11. TOXICITY 


Moderate 


1/82 


19-99 





















EXPLOSIVE: NITROGUANIDIWE 


2. STRUCTURE OR FORMULATION 


NO, H 

I i I 


H—N- C—N- 

II 

NH 


4. PHYSICAL PROPERTIES 


Physical state: solid 

Color: white 

At. comp.: C,H.N.O_ 

MW, 1M.1 ‘ ‘ 

Density (g/cm^)i TMD: 1.775 

Nominal: 1.55-1.75 
m.p. {•C(K)): 257(530) 

b.p. (»C(K)): — 


:.p. rC(K)}: - 

r.p. (mm Hg (Pa)): 


Crystal data; orthorhombic (Fdd2) 


R: 25.2 (calc.). 22.2 (obs.) 
n: see Table 4-3. 


5. CHEMICAL PROPERTIES 


A (kcol/o (MJ/ka)): ^2° (i ) ^^(a) 

Calc: 1.06 (4.44) 0.88 (3.68) 

Exp: — — 


A (kcal/mol (kJ/t«ol)): -22.1 (-92.5) 

Solubility (s - sol., s) -si. sol., i - insol.): 

8—DHFA, sulfuric acid 
si—ethanol, nitric acid 
i—acetone, benzene, carbon disulfide, carbon 
tetrachloride, chloroform, ethyl acetate, 
ethyl ether, water 


<S. THERMAL PROPERTIES 


10.14 X 10 cal/cm-8ec-°C(0.424 W/m-K) at 314 K 

A. 

CTE: — 


DESIGNATION: NQ 


6. THERMAL PROPERTIES (continued) 


T (“F (K)): — 
g ' 

Cp (<xil/g-“C (kJ/kg-K)): — 

Exp. 6 + 0.061' at 200-460'C 

Thermal stability (cm of gas evolved at 120 "C 
(393 iO): 

0.25 g for 22 hr: 0,02-0.05 
1 a for 48 hr: — 


8. DETONATION PROPERTIES 


D (mm//Jsec (km/$)): 7.65 (p= 1.55 ) 

P^j (kbor (10"’GPo)): (p= ) 

Meos.: — 

Calc.: — 

E^yl((mm/t43ec)^/2 (MJ/kg)): (p= ) 

6 mm: -— 

i 9 mm: — 


9. SENSITIVITY 


HgQ (m): 12 tool 12B tool 


5 kg: 
2.5 kg: 


Susan test: 


Skid test: 

Impoct angle (deg (rad)) Drop ht. (ft (m)) Event 



11. TOXICITY 


High 


















iJ'-V 








EXPLOSIVE: OCTOL 75/25 


DESIGNATION: 


Octol 


2. STRUCTURE OR FORMULATION 



4. PHYSICAL PROPERTIES 


Physical state: solid 
Color: buff 

At. comp.: ^gN2 ggOg gg 

MW: 100 

Density (g/ctn^): TMD: 1.843 

Nominal: 1.80-1.82 

m.p.(“C(K)); 79-80 (352-353) 

b.p.(“C(K)): — 

v.p. (mm Hfl (Pa)): 0.1 at lOO'C (13.33 at 373 K) 


Gystal data: — 


6. THERMAL PROPERTIES (continued) 


t^(^^:k)): - 

Cp(r:i.-/g-*C (kJ/kg-K)): 

Est.: 0.27 (1,13) 

Thermal stcbility (cm^ of gas evolved at 120 ®C 
(393 K)): 

0.25 g For 22 hr; 0.028 
1 g for 46 hr; 0.18 


8. DETONATION PROPERTIES 


D (mm /*isec (km/s)): 8.48 

P^j (kbar (10"’ GPo)); 

Meos.: 342 
Calc.: — 


(P= 1.81 ) 


(P= 1.821 ) 


(MJ/kg)): (p= 1,813 ) 


6 mm; 1.215 
19 mm: 1.535 


9, SENSITIVITY 


hen (t")* 


5 kg: 
2.5 kg: 


12 tool 12B tool 

0.41 — 

0.35-0.52 0.49-2.70 


5. CHEMICAL PROPERTIES 


A Hg^^ (kcal/g (MJ/kg)): ^^2° (i ) *^2° (g) 

Calc: 1,57 (6.57) 1.43 (5.98) 

Exp: — — 

A Hf(kcal/lOOg (kJ/lOOg)): +2.78 (+11. 63 ) 


Susan test: Threshold velocity "180 ft/sec 
(~55 m/s); is rather difficult to ignite 
accident.iliy, but capable of large reaction 
once ignited. 


Skid tost: 

Impact angle (dog (rod)) Drop ht. (ft (m)) Event 


75/25: 14 (0.24) 3.5 (1.07) 3 


Solubility (s-solsi-sl. sol. / I-insol.): — 


6. THERMAL PROPERTIES 


Gap test (mils (mm)): 


NSWC-SSGT: (4.88) (p - 1.829) 
LANL-SSGT; 22-28 (0.56-0.71) (,, - 1.8J0) 
LANL-LSGT: 1.947 (49.5) (,. - 1.822) 


10. ELECTRICAL PROPERTIES: 


(P “ 1.81) 





































EXPLOSIVE: PBX-9007 


DESIGNATION: 


PBX-9007 


2. STRUCTURE OR FORMULATION 


wt% 

KUX 90 

1'olystyrone 9.1 

IK;i> 0.5 

Kosin 0.4 


4. PHYSICAL PROPERTIES 


Physical slale: solid 

Color: white or mottled gray 

At. comp.: 22^2,43^2.44 

MW: 

Density (g/cm^): TMD: 1.697 

Nominal: 1.66 

m.p. (“C <K)): dec. >200 (>473) 
b.p. (*C(K)): — 
v.p. (mm Hg (Pa)): — 


Crystal data: 


5. CHEMICAL PROPERTIES 


AH, (kcal/g(MJ/kg)): HjO 


Cialc: 1.56 (6.53) 1.39 (5.82) 


A Hj (kcal /moi (kJ/mol)): +7.13 (+29.8) 

Solubility (s - sol., si -si . sol., i -insr'.): _ 


6. THERMAL PROPERTIES 




6. THERMAL PROPERTIES (continued) 


Tg CF (K)): — 


C (cai/g-'C (kJ/kg-K)): 
^ Est.: 0.28 (1.17) 


Thermal stability (cm of gas evolved at 120 ®C 
(393 K)): 

0.25 g for 22 hr: 0.03-0.07 
1 g for 48 hr: — 


8. DETONATION PROPERTIES 


D (mm/.usec (km/s)): 8,09 ( p " 1,64 ) 


P(-j (kbor (10"' GPa))- 

Meat.: 265 
Calc,: — 


(P= 1.60 


Ecyi(('’’'’'/l'»ec) /2 (MJ/kg)): (p = 
6 mm: ~ 


19 mm: — 


9. SENSITIVITY 


Hgo (m): 

5 ki;: 

2.S kg: 

12 tool 

0.35 

0.39 

12B too! 

0.28 

Susan test: — 



Skid test: 

impoct angle (deg (rod)) Drop ht. (ft (m 

)) Event 

Gap test (mils (mm)); 
LANL-SSGT: (2.01) 

LANL-LSGT: (52.91) 

m 

(P 

(P 

- 1.638) 

- 1.646) 

1 10. ELECTRICAL PROPERTIES: 





















PBX-9007 


7, MECHANICAL PROPERTIES 



NOTES 



200 500 

Temperature — *C 
and pyrolysis (—) curves 


19-106 
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EXPLOSIVE: PBX-fJOlO 


DESIGNATION: 


PBX-9010 


2. STRUCTURE OR FORMULATION 



4. PHYSICAL PROPERTIES 


Physical slate: solid 
Color: white 
At. comp.: 

MW: 

Density (o/cm^): TMD; 1.822 

Nominal: 1.79 

m.p. (“C (K))i dec. >200 (>473) 
b.p.(“C(K)): — 
v.p. (mm Hg (Pa)): — 


Crystal data: — 


R; — 


5. CHEMICAL PROPERTIES 


6. THERMAL PROPERTIES (continued) 


Tg (“F (K)): — 

C (cal/g-‘>C(kJ/kg-K)): 

Est.: 0.27 (1.13) 

Thermal stability (cm of gas evolved at 120 *C 
(393 K))i 

0.25 9 for 22 hr: 0.02-0.04 
1 g for 48 hr: 0.2-0.3 


8. DETONATION PROPERTIES 


D (mm/irsec (krn/s)): 8.37 ( p= 1.78 ) 


P^j (kbar (10"’ GPa)): 

Meos.: 328 ± 5 

Calc.: — 


(p= 1.783 ) 


Egyl((mm/psec)^/2 (MJ/kg)): (p= 1.788 ) 

6 mm: 1.160 
19 mm: 1.470 


9. SENSITIVITY 


Hgo (m): 12 tool 12P tool 

5 kg: 0.30 0.45 

2.5 kg: 0.31-0.41 0.31-0.92 

Susan test: Thi'eshold velocity ~ 110 ft/sec 
(~34 m/s); has high probability of rapid 
buildup to violent reaction. 


AHj^, (kcal/g (MJ/kg)): ^2° (^ ) ^^20 (g) 


Calc: 1.47 (6.15) 1.36 (5.69) 

Exp: — — 


AH, (kcal/mol (kJ/mol)): -7.87 (-32.9) 


Solubility (s -sol., si -$l. so!., i - insci.): 


6. THERMAL PROPERTIES 


A: 5.14 X 10'^ cal/cm-sec-°C (0.215 W/m-K)at 322 K 
CTE: 0 = 66 pni iii-K 


Skid test: 

Impoct orvgle (deg (rod)) Drop ht. (ft (m )) Event 

14 (0.24) 1.25 (0.38) 6 

45 (0.79) 3.5 (1.07) 6 


Gap test (mils (mm)): 
LANL-SSGT: 75-95 (1.9-2.4) 
LANL-LSGT: 2.090 (53.09) 


10. ELECTRICAL PROPERTIES: 


(p - 1.783) 
(p - 1.786) 


11. TOXICITY 


















PBX-9010 

7. MECHANICAL properties' 


Sound velocity (lun/s)! 

(P - 1.78) 2,72 1.47 2.13 


initial modulus 


lO'^ 


i 



'“*!» ItT * 60 ^ io » U « tO~"lllV l.il' 

TMtOMtWff 'C 

Complex shear moduli 


NOTES 


Creep 


Failure enve 


lope 



DTA {—) and pyrolysis (--) curves 

















EXPLOSIVE: PBX-9011 


DESIGNATION: 


PBX-9011 


2. STRUCTURE OR FORMULATION 


6. THERMAL PROPERTIES (continued) 


HMX 

Estane 


90 

10 


4. PHYSICAL PROPERTIES 

Physical state: solid 

Co'or: off-white 


At. comp.: 

MW: 


Density (g/cm^): TMD: 1.795 


Nominal: 1.77 


m.p. ("C (K)): dec. >250 (>523) 

b.p. rC(K)): — 

v.p. (mm Hg (Pa)): — 


Gystal dato; — 

R: — 


5. CHEMICAL PROPERTIES 

AHj^, (kcal/g (MJ/kg)): HjO ^ 

^°(g) 

Calc: 1.53 (6.40) 

1.36 (5.69) 

Exp: — 

— 

A H^ (kcal/mol (kj/mol)): -4.05 (-17) 


Solubility (s-solsi -si. sol., i - insol.): 



6. THERMAL PROPERTIES 


T (“F (K)): -35 (236) 

g 

Cp (cal/g-^C (kJ/kg-K)): 

Est.; 0.27 (1.13) 

4 3 

Thermal stability (cm of gas evolved at 120 "C 
(393 K))i 

0.25 g for 22 hr: 0.024 
1 g for 48 hr: — 


8. DETONATION PROPERTIES 


D (mrn//usec (km/$)); 8.50 (P- 1.77 ) 

1 


P^.j (kbar (10 ' GPo)): 

Meos.: 324 ± 5 
Calc.: — 


(P= 1.767 ) 


E^y,((mm/psec)^/2 (MJ/kg)): (p= 1.777 

6 mm: 1.120 

19 mm: 1.415 


9. SENSITIVITY 


^50 


5 kg: 
2.3 kg: 


12 tool 
0.44 

0.45-0.B9 


12B tool 
0.98 

0.53-0.93 


Susan test: Threshold velocity ~ 165 ft/sec 
(~50 m/s); is moderately difficult to ignite 
and has very low probability of buildup to 
a violent reaction. 


Skid test: 

Impact angle (deg (rod)) Drop ht. (ft (m)) Event 

14 (0.24) 20.0 (6.10) 1 

45 (0.79) 20.0 (6.10) 0 

Gap test (mils (mm)): 

IJiNi.-SSCT: 55-70 (1.4-1.8) (p - 1.783) 

lANL-LSGT: (51.97) (p - 1.761) 


X: 0.25 Btu/hr-ft- F (0.432 W/m-K) at 294 K 

CTE: a 28.7 tJin./in.-°F at -65 to -40”? 

(51.7 pm/m-K at 219-233 K) 
a - 37.3 pin. /in. -n' at -30 to 165”F 
(67.1 um/m-K at 243-347 K) 


10. ELECTRICAL PROPERTIES: 


e : 


11. TOXICITY 























PBX-9011 

7.' MECHANICAL PROPERTIES 



NOTES 


Creep 


Failure envelope 














EXPLOSIVE: PBX-0205 


DESIGNATION: 


PBX-9205 


2. STRUCTURE OR FORMULATION 



4. PHYSICAL PROPERTIES 


Physical state: solid 
Color: white 
At. cornp,: 

MW: 

2 

Density (g/cm ): TMD: 1,72 

Nominal: 1.6*1 

m.p. (“C (K)); dec. >200 (>473) 
b.p.(«C(K)): — 
v.p, (mm Hg (.®a)): — 


6. THERMAL PROPERTIES (continued) 


Tg(“F(K)): — 

C (cal/g-'’C(kJ/l<g-K)): 

^ Est.: 0.28 (1.17) 

Thermal stability (cm^ of gas evolved ot 120 °C 
(393 K))! 

0.25 g for 22 hr; 0.025 
1 g for 48 hr: — 


8. DETONATION PROPERTIES 


D (mm/.usee (km/s)): 8.17 

P^j (klwr (10"’ GPa)); 

Mnas.: — 

Cole.: 288 


(p= 1.67 ) 


(P= ’.69 ) 


Egy|((mm//uscc)^/2 (MJ/kg)): (p = 


Crystal data: — 


R: -• 


5. CHEMICAL PROPERTIES 


19 mm: — 


9. SENSlTiViTY 


Hnn (in): 


S kg: 
2.5 kg: 


12 too i 12B tool 

0.42 0.36 

0.44-0.60 0.48-0.56 


Suson test: Threshold velocity ~ 120 ft/.sec 
('■37 m/s); has moderate probability of 
buildup to a violent reaction. 


^ •'^det ’^ 2 °(jf) *^2^(9) 


Cole: 1.46 (6.11) 1.41 (5.90) 

Exp: — ~ 


A Hj (kcal/mol (kJ/mol)); "15.81 (+24.30) 
Solubility (s-sol., si-$l, sol., i - insol.): — 


6. THERMAL PROPERTIES 


CTE; u “ 54 pm/in-K at 200 K 


Skid test: 

Impoct ongle (deg (rad)) Dro p ht. ( ft (m)) Event 

14 (0.24) 1.25 (0.38) 2 

45 (0.7D) 2,5 (0.76) 4 

Gap tost (mils (mm)): 

LAN1,-SSGT: 25-35 (0.64-0.89) (p - 1.682) 

LANL-LSOT: (50.83) (p - 1.682) 


10. ELECTRICAL PROPERTIES: 



11. TOXICITY 




















PBX-9205 

7. MECHANICAL PROPERTIES 














'X'jiJ:--; 

' ~ -S 





















EXPLOSIVE: PBX-9404-03 


DESIGNATION: 


PBX-9404 


2. STRUCTURE OR FORMULATION 



4. PHYSICAL PROPERTIES 


Physical state: solid 
Color: white or blue 

At. comp.: Cj^^qH 2 ^.^j.N 2^5702 gcjClQ^Q^PQ^Q^ 
MW: 

Density (g/cm^): TMD: i.865 

Nominal: 1.83-1,84 

m.p. (“C (K)): dec. >250 (>523) 
b.p. (“C(K)): — 
v.p. (mm Hg (Pa)): — 


6. THERMAL PROPERTIES (continued) 


T (“F (K)): -29 (239) 


C„(cal/g-'-C (kJ/kg-K)): 
P Est.: 0.27 (1.13) 


Thermal stability (cm'^of gas evolved at 120 “C 
(393 K)): 

0.25 g for 22 hr: 0.36-0.40 
I g for 48 hr: 3.2-4.9 


8. DETONATION PROPERTIES 


D (mm/^isec (km/s)): 0.80 

P^j (kbar (10“’ GPa)): 

Meas,: 375 
Calc.: 354 


(p= 1.84 ) 


(p= 1.840 


Ecy|(('"f'/psec) /2 (MJ/kg)): (p= 1.843 ) 


Crystal data: 


5. CHEMICAL PROPERTIES 


A Hj^j (kcal/g (MJ/kg)): H2°(^) *^2^ (g) 

Calc: 1.56 (6.53) 1.42 (5.94) 
Exp: 1.38 (5.77) 1.28 (5.36) 

A H^ (kcal/n»l (kj/mol)): -tO.OO (40,331) 

Solubility (s - sol., si -si. sol., i - insol.): — 


6. THERMAL PROPERTIES 


X: 0.25 Btu/hr-ft-°F (0.432 W/m-K) at; 294 K 

CTE: a ” 28.1 pin./in.-“F at -65 to -30'’F 

(50.6 pni/m-K at 219-239 K) 
a - 32.2 pin./in.-“F at -10 to 165 "f 
( 58.0 pm/m-K at 250-347 K) 


6 mm: 1,295 

19 mm: 1,620 


9. SENSITIVITY 


Hgo (m): 


5 kg! 
2.5 kg: 


12 tool 12B tool 

0.34 0.35 

0,33-0.48 0.35-0.57 


Susan test: Threshold velocity 105 ft/sec 
(32 m/s); has very large probability of 
buildup to violent reaction. 


Skid test: 

Impoct angle (deg (rod)) Drop ht. (ft (m )) Event 

14 (0.24) 0.88 (0.27) 6 

45 (0.79) 3.5 (1.07) 6 


Gap test (mils (mm)): 

LANL-SSGT: 85-105 (2.2-2.7) 
LANL-LSGT: 2.268 (57.61) 

PX-GT: (27.3) 


10, ELECTRICAL PROPERTIES: 


e: 3.52 


11. TOXICITY 


(p - 1.850) 
(p - 1.841) 
(P - - ) 


(p = 1.84) 





















19-114 


3/81 













EXPLOSIVE: PBX-9407 


DESIGNATION: 


PBX-9407 


2. STRUCTURE O” FORMULATION 



4. PHYSICAL PROPERTIES 

Physical state; solid 

Color: white or black 


At. comp.: 

MW: 

^^0.09 

Density (g/cm^): TMD: 1.81 


Nominal: 1,60*1.62 


m.p. (®C (K)): dec. >200 (>473) 
b.p.CC(K)): — 

v.p. (mm Hg (Po)); — 


Crystal data: — 

- 

R- — 


|5. CHEMICAL PROPERTIES } 

(keol/g (MJ/kg)): *^2° (^ ) 

«20(g) 

Calc: 1.60 (6.69) 

1.46 (6.11) 

Exp: — 

— 

A Hj (kcal/mol (kj/mol)): +0.81 (+3.39) 


Solubility ($ - sol., s! -$l. sol., i - insol.): 


U. THERMAL PROPERTIES 


6. THERMAL PROPERTIES (confinued) 


Tg (»F (K)h — 

Cp (cal/g-’C (kJ/kg-K)): 

Est.: 0.27 (1.13) 

TherntKil stability (cm of gas evolved at 120 ®C 
(393 K)): 

0.25 g for 22 hr: 0,06 
1 g for 48 hr: — 


8. DETONATION PROPERTIES 


D (mm/lisec (km/$)): 7,91 (P= 1.60 ) 

P^-j (kbor (10"' GPa)); (p= 1.60 ) 

Meos.: 287 

Calc.: 300 

Egy|((mm/;jsec)^/2 (MJ/kg)): (p= ) 

6 mm: — 

19 mm: 


9. SENSITIVITY 


HgQ (m): 12 tool 12B tool 

5 kg: 0.33 0.30 

2.5 kg: 0.46 0.46 

Suson test: — 


Skid test: 

Impoct ongle (deg (rod)) Drop ht, (ft (m)) Event 


Gop test (mils (mm)): 

NSWC-SSCT: (6.55) 

LANL-SSGT: 90-120 (2.3-3.1) 
LANL-LSGT: 2.155 (54.74) 


10. ELECTRICAL PROPERTIES: 


(p « 1.755) 
(p • 1.770) 
(P - 1.772) 



3/81 


19-115 






















7. MECHANICAL PROPERTIES 


Sound velocity (kni/s): 
(P - 1.78) 



NOTES 





EXPLOSIVE: PBX-9501 


DESIGNATION: 


PBX 9501 


2. STRUCTURE OR FORMULATION 



4. PHYSICAL PROPERTIES 

Physical state: sol'd 

Color: white 


At. comp.: C^^^,^H2^ggN2^gQ02 gy 

MW: 


Density (g/cm^): TMD: 1.855 


Nominal; 1.84 


m.p. (*C (K)): dec. >240 (>515) 
b.p. rC(K)): ~ 
v.p. (mm Hg (Pa)): — 


Oystal data; — 

R: — 


5, CHEMICAL PROPERTIES 

^ Hdet (l<cal/g (MJ/kg)): ^2°(jf) 

^2° (g) 

Calc: 1.59 (6.65) 

1.44 (6.03) 

Exp: — 

— 

A Hj (kcal/mol (kj/mol)): -t-2.3 (+9.5) 


Solubility (s - sol., $1 -si. sol., i - insol,): 

— 

6. THERMAL PROPERTIES I 


X: 10.84 cal/cm-sec-”C (0.454 W/m-K) ,it 328 K 

a “ 30.6 uin./ln.-°F at -80 to 160“1’ 
a - (55.1 um/m-K at 211-344 K) 


6. THERMAL PROPERTIES (continued) 


Tg (“F (K)): — 

C (cal/g-‘‘C(kJ/kg-K)): 
^ Est.: 0.27 (1.13) 


Thermal stability (cm"^ of gas evolved a* 120 “C 
(393 K)): 


0.25 g for 22 hr: 

1 g for 48 hr: 0.8 


8. DETONATION PROPERTIES 


D (mm/psec (km/s)): 8,83 


P^,j (kbor (10"‘ GPa)): 

Meos.: — 

Calc.: 


(P= 1.84 ) 

(P= ) 


Ecy|(('"'"/4“®c) /2 (MJ/kg)); (p= 1.834 ) 

6 mm: 1.177 
19 mm: 1.577 


9. SENSITIVITY 


HgQ (m): 12 tool 12B tool 

5 kg; 0.44 0.80 

2.5 kg: 0.42-0,57 0.41- 0.84 

Susan test: Threshold velocity ~ 200 ft/scc 
(~61 ni/s); once this velocity is exceeded, 
reacvions become violent over a narrow 
range. Small reactions do not automatically 
grow to large ones. 


Skid te»»: 

Impoc: angle (deg (rod)) Drop ht, (ft (m)) Event 


14 ■:o.24) 
45 (0.79) 
as pressed: 14 (0.24) 
45 (0.79) 


10 (3.05) 3 

10 (3.05) 0 

1.75 (0.53) 3 
7.1 (2.16) 3 


Gap test (mils (mm)): 

LANL-SSGT: 50-70 (1.3-1.8) (p = 1.843) 


10. ELECTRICAL PROPERTfES: 



































EXPLOSIVE: PBX-9502 


DESIGNATION; 


PBX-9502 


2. STRUCTURE OR FORMULATION 


6. THERMAL PROPERTIES (continued) 



4, PHYSICAL PROPERTIES 


PK/sical itate; solid 
Color: yellow 

At. comp.: ^ 2 .30^2.23^2.21°2.21*^^0.038*^0.13 
MW: 

3 

Density (g/cm ): TMD: 1.942 

Nominal: N90 

m.p. (*C(K)): decomp. >400(>673) 
b.p. CC (K)): 

V .p. (mm Hg (Pa)): 


T (“F (K)): 


Cp (cal/g-®C (kJ/kg-K)): 


Thermal stability (cm'^ of gas evolved at 120 ®C 
(393 K): 

0,25 for 22 hr: 

1 g for 48 hr; 


8. DETONATION PROPERTIES 


D (mm/itsec (km/s)): 7.71 ( p= 1.90 ) 


P^j (kbar (10"' GPa)): 

Maas.: 

Calc .: 


Crystal data; 


E^y|((mm/psec)'^/2 (MJ/kg)): (p= 1,889 ) 

6 mm; 0.34S 


19 mm: 1.037 


9. SENSITIVITY 


Hen ;in): 


2.5 kg: 


12 tool 12B tool 

>3.20 >3.20 


5. CHEMICAL PROPERI'iES 


Susan test: 


AH. (kcal/g (MJ/kg)): *^2®(i) (g) 


Calc: 1.15 (4.81) 1.05 (4.18) 

Exp: 


AH, (kcol/moi (kj/mol)): -20.8 (-87) 


Skid tost: 

Impact ar.gle (deg (rod)) Drop ht. (ft (m)) Event 


Solubility (s - sol., si -sl. sol., 1 - insnl.): 


6. THERMAL PROPERTIES 


X; 13.2 X 10" cal/cm-sec'-’C (0.552 W/m-K) at 311 K 
CTE: ii •• 44 um/in-K at 200 K 


Gap test (mils (mm)): 


i2tNI,-SSGT: 

I.ANl,-LSGT: 

PX-CT: 


(4.44) 
(.12.33) 
(fa.8) 


10. ELECTRICAL PROPERTIES: 


(p - 1.895) 
(p - 1.895) 
(p - 1.895) 























19-120 











EXPLOSIVE: pbX-9503 


DESIGNATION: 


PBX-9503 


2. STRUCTURE OR FORMULATION 


6. THERMAL PROPERTIES (continued) 


HMX 15 
TATB 80 
Kel-F 800 5 


Tg ("F (K)): 

Cp (cai/g-'’C (kJ/kg-K)): 


4. PHYSICAL PROPERTIES 


Physical state: solid 
Color: purple 

At. comp.: (^2.l6h.28\.26°2.2(>’^^0.Q3B 

MW; 

Density (g/cm^): T/AD: 1.936 

Nominal: 1.88 

m.p. («C(K)): 
b.p. (»C(K)): 
v.p. (mm Hg (Pa)): 


Thermal stability (cm"^ of gas evolved at 120 “C 
(393 K): 

0.25 g For 22 hr: 

1 g for 48 hr: 


8. DETONATION PROPERTIES 


D (mm/psec (km/$)): 7.72 ( P= 1.90 ) 

P^j (kbor (10"’ GPa))t (p= ) 

Meos.: 

Calc.: 

Ecy|(('"'"/f“‘'c)^/2 (MJ/kg)): (p= ) 


Oystol data: 


5. CHEMICAL PROPERTIES 


19 min: 


9. SENSITIVITY 


Hen (Hi)! 


Susan test: 


12 tool 12B tool 


2.5 kg: 


^ Hj. (kcal/g (MJ/kg)): *^2® (4 ) (g) 


Calc: 1.22 (5.10) 1.11 (4.64) 

Exp; 


A (kcal/mol (kJ/mol)): -17.7 (-74) 


Skid test: 

Impact angle (deg (rad)) Drop ht. (ft (m)) Event 


Solubility (s - sol., si -si. sol. / i - insol.): 


Gop test (mils (mm)): 


LANL-LSCT: 


(42.8) (p - 1.88) 


6. THERMAL PROPERTIES 


10, ELECTRICAL PROPERTIES: 





















PBX-9503 


7. MECHANICAL PROPERTIES 












EXPLOSIVE: PENTOLITE 50/50 


2. STRUCTURE OR FORMULATION 



4. PHYSICAL PROPERTIES 


Phyiicai stale: solid 
Color: yellow-white 

At. comp.: C2 33Hj, 37Nj^ 29*^3.22 
MW; 100 

Denjity (g/cm^); TMD: 1,71 

Nominal: 1.67 

in.p. (•C(K)): 76 (349) 

b.p. (•C(K)): — 

v.p. (mn Hg (Pa)): 0.1 at 100°C (11 


100°C (13.33 at 373 K) 


Gyital data; — 


R: — 


DESIGNATION: PcntolitC 


6. THERMAL PROPERTIES (continued) 


Tg (°F (K)): — 

C (cal/g-“C (kJ/kg-K)): 

Est.: 0.26 (1.09) 

Thermal stability (cm^ of gas evolved at 120 ®C 
(393 K)):' 

0.25 g for 22 hr: — 

1 g for 48 hr: 3.0 at lOO-C (373 K) 


8. DETONATION PROPERTIES 


D (mm//jsec (km/$)): 7.53 (p=1.70 ) 


P^j (kbor (10"' GPa)): 

Meas.; — 

Calc.: 255 


(p= 1.70 ) 


E(.y|((mm/p$ec)^/2 (MJ/kg)): (p= 1.696 ) 

6 mm: 0.960 
19 mm: 1.260 


9. SENSITIVITY 


HgQ (m): 12 tool 12B tool 

-0.35 — 


5 kg: 
2.5 kg: 


Susan test: 


5. CHEMICAL PROPERTIES 


A (kcal/g (MJ/kg)): H2°(i) ^2° (g) 

Calc: 1.53 (0.40) 1.40 (5.86) 

Exp: 1.23 (8.15) 1.16 (4.85) 

A Hj (koal/lOOg (kJ/lOOg)): -23-9 (-99.9) 

Solubility (s-sol./ si-si. sol., i - insol.); — 


6. THERMAL PROPERTIES 


Skid test: 

Impact angle (deg (rad)) Drop ht. (Ft (m)) Event 























Pentolite 

7. MECHANICAL PROPERTIES 


IniMal modulus 


NOTES 


Crctp 


Failur* •nvalope 



Tempomture ''C 


OTA (—) and pyrolysis (--) curves 













EXPLOSiVE- ^ [(nitroxy)methyl]-i , 3-propanediol, 

^ ' UINITRATE 

DESIGNATION: PETN 

2, STRUCTURE OR FORMULATION 

6. THERMAL PROPERTIES (continued) 

o — NO, 

1 ^ 

H —C —H 

H 1 H 

i 1 

0,N —0—C — C —C —0—NO, 

^ 1 1 1 

H 1 H 

H — C —H 

1 

O — NOj 

Tg(‘‘F(K)): none 

-p(cal/g-“C (kJ/kg-K)): 

Exp.: 0.26 at 20°C (1.088 at 293 K) 

2 

Thermal stability (cm of gas evolved ot 120 *C 
(393 K)): 

4. PHYSICAL PROPERTIES 

0.2S g for 22 hr: 0.10-0.14 

Physicol state: solid 

Color: white 

1 0 for 48 hr: — 

At. comp.: CgH^jN^O^g 

MW: 316.2 

2 

Density (g/cm ): TMD: 1.78 

Nominal; 1.T6 

m.p. (‘C (K)): 140 (413) 
b.p. (•C(K)): — 
v.p. (mm Hg (Pa)): 

8 X 10‘® at 100»C (1.1 X lO'^ at 373 K) 

Gystol doto: 

I: tetragonal (P42j/c) II: orthorhombic (Pcnb) 

a - 9.38 a - 13.29 

c - 6.7C b - 13.49 

c 6.83 

p. , 

DETONATION PROPERTIES 

D (mm/psec (km/$)): 8,26 ( p= 1.76 ) 

P-, (kbor (10"’ GPa)): 

p = 1.77 0 = 1.67 0 = 0.99 

Meos.: 335 300 87 

Cole.: 332 280 100 

l:cy|(('n'n/iU*«c)^/2 (MJ/kg)): (p= 1.765 ) 

6 mm: 1.255 

19 mm: 1.575 

9. SENSITIVITY 

(rn): 12 too! 128 tool 

5 kg: 0.11 — 

2.5 kg: 0.13-0.16 0.14-0.20 

nS 

Susan test: — 

5. CHEMICAL PROPERTIES 


AH^, {kcal/a(MJ/tca)); H2°{i) ^0 (g) 

Calc: 1.65 (6.90) 1.51 (6.32) 

Exp; 1.49 (6.23) 1.37 (5.73) 

A H^ (kcal/moi (k.j/mol)): -128.7 (-538.5) 

Skid test: 

Impact angle (deg (rod)) Drop ht. (ft (m)) Event 

Solubility (s -sol., si -si . sol., i - insol.): 
s — acetone, DMFA, DMSO, ethyl acetate, pyridine 
si—benzene, ethyl ether 
i — carbon disulfide, carbon tetrachloride, 
chloroform, ethanol, water 

C^p test (mils (mm)): 

NSWC-SSGT: (6.03) (p - 1.775) 

LANL-SSGT: (5.21) (p “ 1.757) 

lANL-LSGT: 2.732 (69.4) (p - 0.81) 

6. THERMAL PROPERTIES 

— 

CTE: 0-46.1 ul.n./in.-“F (83.0 ni/m-K) 
a - 76.5 pm/m-K at 293 K 
a “ 89.9 yo'./m-K at 363 K 

6 - 249.2 pni/m-K at 243-343 K 

10, ELECTRICAL PROPERTIES: 

e: 2.447 (p = 1.4) 

2.577 (p = 1.5) 2.097 (p = 1.7) 

2.727 (p = 1.6) 2.95 (p = 1.75) 

11. TOXICITY 


High 


1/85 


19-125 




















19-126 


1/85 










EXPLOSIVE: 2 ,6-TRINITROPHENOL 


DESIGNATION: 


Picric acid 


2. STRUCTURE OR FORMULATION 



4. PHYSICAL PROPERTIES 


Phytical state: solid 
Color: yellow 
At. comp.: 

MW: 229.1 

Density (g/cm^): TMD: T‘76 

Nominal: 1.60 
m.p. (“C (K)): 122 (395) 
b.p. (*C(K)): 
v.p. (mm Hg (Pa)): 


6. THERMAL PROPERTIES (continued) 


Tg ("F (K)): 

Cp (cal/g-°C (kJ/kg-K)): 

Exp. 0.234 at 0°C (0.979 at 273 K) 

Thermal stability (cm 'of gas evolved at 120 “C 
093 K): 

0.25 g for 22 hr: 

1 g for 48 hr: 


8. DETONATION PROPERTIES 


D (mm/*rsec (km/s)): 7.26 (p= 1.71 ) 


P-. (kbar(10 GPa)): (p- 

^ P - 1.76 p - 1.00 
Meos.: 

Cole.; 265 88 

Egyl((mm/psec)^/2 (MJ/kg)): (p- 


Crystal data: orthorhombic (C v) 


a » 9.25 
b - 19.08 
c - 9.68 


9. SENSITIVITY 


Hrn (">): 


2.5 kg: 


12 tool 12B tool 
0.73 1.91 


n: 1.620 at m.p. (122°C) 


5. CHEMICAL PROPERTIES 


A Hj^j (kcal/g (MJ/kg)): ^*2° (^ ) (g) 


Susan test: 


A Hj (kcal/mol (kj/mol)): -51.3 (-214.5) 

Solubility ($ - sol./ sl -si. sol., i - iniol.): 

s—acetone, benzene, clilorofortn, ctliauol, 
ethyl acetate 

sl—carbon disulfide, ethyl ether, sulfuric acid, 
water 


6. THERMAL PROPERTIES 


X; 2.4 X 10 ^ cal/cin-8ec-“C (0.100 Wro/-K) 
CTE: 


Skid test: 

Impact angle (deg (rad)) Drop ht. (ft (m)) Event 



10. ELECTRICAL PROPERTIES: 


C! 3.59 


(p = 1.764) 


11. TOXICITY 


Moderate 

































MATERIAL: POLYSTYRENE 
(Binder) 


2. STRUCTURAL FORMULATION 




4, PHYSICAL PROPERTIES 


Physical siaie : solid 
Color ; clear 
Af. comp. : 


V.W: (104-2)„ 
Density (g/cm^ : 


TMD: 1.12 
Nominal ; i.ns 


m.p. (“C (K) ) : 240 (513) 
b.p. ('C(K)) : 
v.p, (mm Hg (Po)) : 

Brittle point (^C (K) ) : 


5. CHEMICAL PROPERTIES 


AHf (kcol/mol (kj/mol) ) : +18.9 (+79.1) 


DESIGNATION : 


SUPPLIER : 


Polystyrene 


Crystal data : rhombohedral, amorphous 
a = 21.90 

c = 6.63 


n: 1.59-1.60 
Shore hardness : 


7. MECHANICAL PROPERTIES 


Tensile strength (psi (kPa) )s 


Solubility (s-$ol., sl-sl. sol., i-insol.) : 
8 - benzene, toluene 


6. THERMAL PROPERTIES 


A: 2.51 X lO'^ cal/cta-sec-’C (0.105 W/ta-K) at 273 K 
CTE i a -- 60-80 uni/m-K < T 


P ‘ 170-210 pm/ni-K ■; 
« 510-600 Mm/m-K > 


Elongation (Si) : 

Sound velocity (km/s); Cj^ 

(p - 1.06) 


10. ELECTRICAL PROPERTIES 


2.49-2.55 (amorph., p » 1.05) 
2.61 (cryBt., p - 1.12) 


II. TOXICITY 


T ('F (K) ) : 373 K 
8 

C (cal/g-”C(kJ/kg-K) ) : 

0.300 at SO^C (1.255 at 323 K) 


NOTES 



19-129 





















Polystyrene 


Temperature - *C 
and pyrolysis I — ) curvss 


19-130 









EXPLOSIVE: HEXAHYDRO-1,3, S-TRINITRO-1,3,5-TRIAZINE 


2. STRUCTURE OR FORMULATION 


DESIGNATION: 


RDX 


6. THERMAL PROPERTIES (continued) 


NO, 


Tg (*F (K)): 


HjC CH, 

I I 

0„N—N N—NO, 


4. PHYSICAL PROPERTIES 


Physical state: solid 
Color: white 

At. comp.: CgHgNgOg 

MW: 222.1 

Density (g/cm^): TMD; 1,806 

Nominal: — 

m.p. (*C (K)): 205 (478) with decomp, 
b.p. (»C(K)): — 
v.p. (mm Ha (Pa)): 


Gystal data: 

I: orthorhombic (Pbca) II: unstable 

a = 13.18 
b = 11.57 
c = 10.71 

R: 43.7 (calc.), 41,4 (obs.) 
n: see Table 4-3 


5. CHEMICAL PROPERTIES 

A (kcol/g (MJ/kg)): HgO ) H ^O 

Calc: 1.62 (6.78) 1.48 (6.19) 

Exp: 1.51 (6,32) 1.42 (5,94) 

AH, (kcal/mol (kj/mol)): +14.71 (+61,55) 


Cp (cal/g-^C (kJ/kg-K)): 

Exp.: 0.269 (1.126 at 298 K) 

Thermal stabil'ry (cm“ of gas evolved at 120 “C 
(393 K)): 

0.25 g for 22 hr: 0.02-0.025 
1g for 48 hr: 0,12-0.9 


D (mm 

/psec (km/s)): 8.70 

( P= 

1.77 ) 

Pj-j (kbor (10"’ GPa)): 

(P= 

1.767 ) 

Meas,: 

338 



Calc.: 

348 



^y|((' 

inm/ittec)^/2 (MJ/kg)): 

(P = 

1.80 ) 

6 mm: 

— 



19 rnm: 

-1.60 




9. SENSITIVITY 


^50 12 tool 12B tool 

5 kg: 0.28 — 

2.5 kg: 0.28 0,32 

Susan test: — 


Skid test: 

Import angle (deg (rod)) Drop ht. (ft (m)) Event 


8, DETONATION PROPERTIES 


Solubility (s -sol., si -$l. sol., i - insol.): 
s — acetone, DMFA, DMSO, N-methylpyrrolldonc 
si—ethtmol, pyridine 

i—benzene, carbon di.sulfide, carbon tetrachloride 
_ chloroform, ethyl acetate, ethyl ether, water 

6. THERMAL PROPERTIES _ 

2.53 X 10 ^ cal/cm-sec-"C (0.106 W/m-K) 


Gap tost (mils (mm)): 

NSWC-SSGT: (7.90) 

LANL-SSGT: 190-220 (4.8-5.6) 
LANL-LSGT: 2.434 (61.82) 


10, ELECTRICAL PROPERTIES; 


CTE: a “ 63.6 pm/m-K at 293 K 
6-191 ym/m-K at 293 K 


e: 3.14 


11. TOXICITY 


(P - 1.717) 
(P - 1.735) 
(P - 1.750) 


(P - 1.611) 


Low 































MATERIAL: SILICON RESIN (Binder) 


DESIGNATION : 


Sylgard 


SUPPLIER : Uow Corning 


2. STRUCTURAL FORMULATION 



4. PHYSICAL PROPERTIES 


Physicol stale : liquid 
Color : light straw 
At. comp, j (C,H,0S1) 

MW: (74.16) 

Density (g/cm ) : TMD : i.05 at 25°C (298 K) 

Nominal : 

m.p. (»C (K)) : 
b.p. (»C (K)) : 
v.p. (mm Hg (Pa) ) : 

Brittle point ("C (K) ) : <-70°C (<203 K) (cured) 
f.p. CC (K)): 


5. CHEMICAL PROPERTIES 


AH,, (kcal/mol (kJ/mol) ) : -24.9 (-104.18) 


Solubility (s-$ol., sl-$l. sol., i-insol.) : 


Crystal doto : 


n 5 1.430 at 25 C (298 K) 

Shore hardness : A 40-50 (curerl) 


7. MECHANICAL PROPERTIES 


Tensile strength (psi (kPo) ): 
000-1200 (55-83) 


Elongotion ('’/() : 80-140 


6. THERMAL PROPERTIES _ 

^ * 3.5 X 10 ^ cal/cui-8ec-*’C (0.146 W/n-K) (cured) 
GTE: 180 pin./in. -'’F at -65 to 165°F 
(324 pm/m-K at 219-347 K) 


10. ELECTRICAL PROPERTIES 


Tg ('F (K) ) : 

C (cal/g-^c (kJ/kg-K) ) ; 0.34 at 25°C 
^ (1.423 at 298 K) 


NOTES 
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2,4,8,10-TETRANITRO-5H-BENZOTRIAZOLO- 
EXPLOSIVE: [ 2 , l-aJ-BENZOTRIAZOL-6-IUM, HYDROXIDE, 
INNER bALT 


2. STRUCTURE OR FORMULATION 



4. PHYSICAL PROPERTIES 

Physical state: solid 

Color: red-orange 


At. comp.: CijH^MgOg 

MW: :!88.2 

Density (g/cm^): TMD: 

1.85 

Nominal: 

1.61 

m.p. (”C (K)): dec. >380 (>6.53) 
b.p.CC(K)): — 

v.p. (mm Hg (Pp)): — 

Crystal data: — 

R: — 


5. CHEMICAL PROPERTIES 

H^^t (kcal/g (MJ/kg)): 

^ 2 °(i) '^ 2 °(a) 

Calc: 

1.41 (5,90) 1.35 (5.64) 

Exp: 

0.98 (4.10) 0.96 (4.02) 

A Hj (kcal/mol (kj'^mol)): 

+110,5 (+462.3) 

Solubility (s - sol., si "sl, sol 

., i - inso!.): 

s-DMSO 

sl—DMFA, nitric acid, pyridine 
i-clilor. form, ethanol, water 

6 . THERMAL PROPERTIES 

X: ~ 


CTE: — 



DESIGNATION: TACOT 


6 . THERMAL PROPERTIES (continued) 


T (OF (K}): — 

Cp(cal/g-‘’C (kJ/kg-K)): — 

3 

Thernxil stability (cm of gas evolved at 120 “C 
(393 K)): 

0,25 g for 22 hr: — 

1 g for 48 hr: — 


8 . DETONATION PROPERTIES 


D (mm /mscc (km/s)): 7,25 ( p= 1.85 ) 


(kbar (10"' GPa)): 

Meos.: — 

Cole.: 181 


(p= 1.61 


Fcy|(('"'^/Hsec) /2 (MJ/kg)): (p = 
6 mm: — 

19 mm: — 


9. SENSITIVITY 


H 50 (m): 12 tool 12B tool 

Suson test: — 


Impoct ongle (deg (rod)) Drop ht. (ft (m)) Event 


Gap test (mils (mm)): 
NSWC-SSGT: (4.52) 


10. ELECTRICAL PROPERTIES: 


(p= 1.698 ) 



19-135 























NOTES 


Failure envolope 









EXPLOSIVE: 2 , 4 , 6 -TRINITRO- 1 , 3 , 5 -BENZENETRIAMINE 


DESIGNATION: 


TATB 


2, STRUCTURE OR FORMULATION 


6. THERMAL PROPERTIES (continued) 


NHj 

NO„ 

HoNll ^JNH„ 




NO, 


4. PHYSICAL PROPERTIES 


Physical state: solid 
Color: bright yellow 
At. cowp.: CgHgNgOg 
MW: 258.2 

Density (g/cm^): TMD: 1.938 

Nominal: 1.8& 

m.p. (®C(K)): dec. >325 (>598); m.p. 452 (725) 
b.p. (‘■C(K)): — 

v.p. (min Hg 'Pa)): 3.2 x 10 at ITS^C 

(4.26 X at 440 K) 


Gystal data: triclinic (PI) 

a = 9.01 a - 108.6 

b = 9.03 B - 91.8 

c = 6.81 y - 120 


R: — 

n: see Table 4-3 


5, CHEMICAL PROPERTIES 


^dot ^2®(i) ^2°(g) 


Calc: 1.20 (5.02) 1.08 (4.52) 

Exp: — — 

A Hj (kcal/mol (kj/mol)): -36.85 (-154.2) 

SolubillF/ (s - sol., $1 -si. sol., i - insol.): 

s—sulluric acid 

1—acetone, benzene, caibon disulfide, carbon 

tetrachloride, chloroform, DMFA, DMSO, ethanol, 
ethyl acetate, ethyl ether, water 


6. THERMAL PROPERTIES 


Tg (*F (K)): — 
Cp(cal/ 9 -‘>C(kJ/kg-K)): 


Thermal stability (cm of gas evolved at 120 ®C 
(393 K)): 

0.25 g for 22 hr: — 

1 g for 48 hr: 


8. DETONATION PROPERTIES 


D (mm//isec (km/s)): 7.76 (p= 1.88 ) 

Pj,j (kbar (10“’ GPo)): (p= 1.88 ) 

Meas.: — 

Calc.: 291 

E^^,((mm/psec)^/2 (MJ/kg)): (p= 1.854 ) 

6 mm: 0.874 
19 mm: 1.079 


SENSITIVITY 


H50 {'”)•■ 


5 kg: 
2.5 kg: 


12 tool 

>1.77 

>3.20 


128 tool 
>3.20 


Susan test: Tlireshold velocity -1000 m/s. 
Behaves like mock to 1000 m/s. 


Skid test: 

Impoctongle (deg (rod)) Drop ht. (ft (m)) Event 


Gap test (mil 

Is (mm)): 


NSWC-SSGT: 

(1.12) 

(0 - 1.887) 

LANL-SSGT: 

(0.13) 

(p - 1.872) 

LANL-LSGT: 

(21.9) 

(p - 1.870) 

PX-GT: 

(-5.3) 

(p - 1.883) 


\: 12.8 X 10 ^ cal/cin-sec-°C (0.536 W/m-K) at 311 K 

CTE: a “ 54 pm/m-K at 2G0 K 


10. ELECTRICAL PROPERTIES: 


t: 


11. TOXICITY 


Low 






















85 










EXPLOSIVE: N-METHYL-N.2,4,6-TETRANITROBENZENAMINE 


2. STRUCTURE OR FORMULATION 



4. PHYSICAL PP . 'OTIES 


Physical state: solid 
Color: yellow 
At, comp.: 

MW: 287.0 

Density (g/cm^): TMD: 1.73 

Nominal: 1.71 

m.p. (“C(K)): 130 (403) 
b.p. (•C(K)): — 

v.p. (mm Hg (Po)): — 


Crystal data; monoclinic (P2^/c) 

a - 14.13 
b = 7.37 

c = 10.61 
6 - S5.1 


R: — 

n: 1.606 




AH. (kcal/p(MJ/kg)): 


«20(g) 


Calc: 1.51 (6.32) 1.45 (6.07) 
Exp: 1.14 (4.77) 1.09 (4.56) 

A H^ (kcal/mol (kj/mol)); +*4.67 (+19-5) 

Solubility (s - sol., si -si. sol., i - insol.): 

s—acetone, benzene, DMFA, ethyl acetate, 
nitric acid 

si—chloroform, ethanol, ethyl ether 
1—carbon disulfide, carbon tetrachloride, 
water 


6 . THERMAL PROPERTIES 


X: 0.83 X 10 ^ cal/cm-sec-‘’C (0,286 W/m-K) 
CTE: — 


DESIGNATION: 


6 . THERMAL PROPERTIES (continued) 


Tg (“F (K)): — 

Cp(cal/g-'’C (kJ/kg-K)): - 

Exp. 0.252 at 25°C (1.054 at 298 K) 


Thermal stability (cm of gas evolved at 120 “C 
(393 K)): 


0.25 g for 22 hr: 0.036 
1 g for 48 hr: 5 • 10 


8 , DETONATION PROPERTIES 


D (mm /psec (km/$)): 7.85 


Tetryl 


P^j (kbor (10“' GPa)): 

Meas.: — 

Calc.: 260 


(P= 1.71 ) 
(P= 1.71 ) 


Ecy|(('^'"/p*®‘^) /2 (MJ/kg)): (p 
6 mm: — 

19 mm: 


9. SENSITIVITY 


Hgo (m): 12 tool 


5 !:g: 0.28 

2.5 kg: 0.37 


12 tool 128 tool 

0.28 — 
0.37 0.41 


Susan test: — 


Skid test: 

Impact angle (deg (rod)) Drop ht. (ft (m)) Event 


Gap tost (mils (mm)): 
NSWC-SSGT: (7.8) 

LANL-SSGT: (3.84/ 

LANL-LSGT: 2.386 (60.6) 


10, ELECTRICAL PROPERTIES: 


(p - 1.687) 
(P - 1.684) 

(p - 1.666) 


2.059 (p - 0.9) 2.163 (p - 1 

€ : 2,728 (p = 1.4) 3.097 (p = i 

2.905 (p = 1.5) 3.304 (p = i 

.0 

1.6 

i.7 

) 

) 

> 

11. TOXICITY 


1/85 


19-139 



























NOTES 



19-140 
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EXPLOSIVE: TETRAiNITROMETKANE 


DESIGNATION; 


TNM 


2. STRUCTURE OR FORMULATION 


6. THERMAL PROPERTIES (continued) 


T (“F (K)): — 


OjN-C — NO, 

I ^ 

NO, 


4. PHYSICAL PROPERTIES 

Physical state: liquid 

Color: clear 

At. comp.: 

MW: 196,0 

Density (g/cm^); TMD: 1.650 at 286 

K 

Nominal; — 


m.p.(*C(K)): 14.2 (287) 

b.p, CC (K)): 125.7 (399) 
v.p. (mm Hg (Pa)); 13 at 25''C (1733 at 298 K) 

Oyslal data: — 


R: — 

n: 1.4359 


5. CHEMICAL PROPERTIES 

-A Hjet ^2° (i ) 

^2° (g) 

Cole: 0.55 (2.30) 

0.55 (2.30) 

Exp: - 

— 

A Hj (kcal/mol (kj/mol)): + 13.0 (+54,4) 


Solubility (s - sol., $1 -si. sol., i - iniol.): 


s — benzene, ethanol, etlsyl ether 
si — water 



6. THERMAL PROPERTIES 


X: — 


Cp (cal/g-^C (kJ/kg-K)): — 


Thermal stability (cm of gas evolved at 120 “C 
(393 K)): 


0.25 g for 22 hr: — 
1 g for 48 hr: — 


8, DETONATION PROPERTIES 


D (mm/nsec (km/$)): 6,4 


P^j (kbor (10"' GPc)): 


(P= 1.6 ) 

(P= 1.65 ) 


Meos.: — 

Cole.: 144 


Egy!((mm/nsec)^/2 (MJ/kg)): (p = 
6 mm; — 

19 mm: — 


9. SENSITIVITY 


H50 (m) 


Susan test: 


12 tool 128 tool 


Skid test: 

Impoct ongle (deg (rod)) Drop ht. (ft (m)) Event 


Gap test (mils (mm)): — 


10. ELECTRICAL PROPERTIES: 



11 . TOXICITY 


V'ory high 


3/81 


19-lAl 
















Failure envelope 


NOTES 



200 350 

Temperature - 'C 
DTA curve 


19-142 
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EXPLOSIVE: 2-METHYL-1,3,5-TRINITROBENZENE 


2. STRUCTURE OR FORMULATION 


TNT 



4. PHYSICAL PROPERTIES 


Physical state: solid 
Color: buff to brown 
At. comp.: C.^HgNgOg 
MW: 227.1 

Density (g/cm^): TMD: 1.654 

Nominal. 1.5-1,6 (ciist) 

m.p. rC. (K)): 00.9 (354) l-63“l.e4 (pressed) 

b.p. rC(K)): - 

v.p. (mm Hg (Pa)): 0.106 at lOO'C (14.13 at 373 K) 


Crystal data: Monoclinic (PZ^/c) orthorhombic (Pca2j) 

a - 21.28 a - 15.01 
b - 6.09 b • 6.11 
c - 15.03 c - 20.02 
6 - 111 


R: 44.3 (calc.), 49.6 (obs.) 
n: 1.6 


5. CHEMICAL PROPERTIES 


A Hj^j (kcol/g (MJ/kg)): ^^2°(i) 

Calc: 1.41 (5.90) 

Exp: 1.09 (4.56) 

A Hj (kcal/mol (kj/mol)): -16.0 (-66.9) 


»2Q(g) 

1.29 (5.40) 
1.02 (4,27) 


DESIGNATION: 


6 . THERMAL PROPERTIES (continued) 


Tg (“F (K)): — 

C (cal/g-»C (kJ/kg-K)): - 

^ Exp. 0.36 (1.51) 


Thermal stability (cm'^ of gas evolved at 120 “C 
(393 K)): 

0.25 g for 22 hr: 0.00-0.012 
1 g for 48 hr: "• 0.005 


8. DETONATION PROPERTIES 


D (mm/psec (km/s)): 6.93 (P= 1.64 ) 


P^-j (kbar (10"' GPa)): (p- 1,630 ) 

Meas.: 210 
Calc.: 223 

E^y|((mm/psec)^/2 (MJ/kg)): (p- 1.630 ) 

6 mm: 0.735 
19 mm: 0,975 


9. SENSITIVITY 


^50 12 tool 12B tool 

5 kg: 0.80 >1.77 

2.5 kg: 1.48 -1.00 


12B tool 


Susan test: Thi'eshold velocity ~235 ft/sec 
(~72 m/s); very difficult to ignite 
accidentally, and has very low probability 
of buildup to violent reaction. 


Skid test: 

Impact angle (deg (rad)) Drop ht, (ft (m)) Event 


14 (0.24) 


10.0 (3.05) 


Solubility (s - sol., si -.1. sol., i - insol.): 
s — acetone, benzene, chloroform, DMFA, ethyl 
acetate, nitric acid, pyridine, sulfuric acid 
si — carbon disulfide, carbon tetrachloride, ethanol, 
ethyl ether; i — water 


6. THERMAL PROPERTIES 


A: 6.22 X lo"^ cal/cni-sec-°C (0.260 W/ra-K) at 291-318 K 
CTE: a - 50 + 0.0T8T pm/m-K below m.p. 

6 , 180 at 293 K 


(mm)): 


(3.96) 

(p - 1.651) 

(0.33) 

(P = 1.633) 

1.944 (49.4) 

(p - 1.626) 


NSWC-SSGT: 

LANL-SSGT: 


10. ELECTRICAL PROPERTIES: 



11. TOXICITY 


Moderate 


1/85 


19-143 






















TNT 

7. MECHANICAL pToPERTIES 


Sound velocity (km/s): 

(p - 1.632) 2.58 1.35 2.03 


Initial modulut 


Creep 

NOTES 


100 
75 

^ 50 
25 

0 ( 

50 150 250 350 

Temperature — ”C 

DTA (—) and pyrolysis (—) curves 











DESIGNATION :■ 


Viton A 


MATERIAL: 

V^NYLIDINK FLUORIDK/HEXAFLUOROPROPYLENE COPOLYMER 
(Binder) 


2. STRUCTURAL FORMULATION 


SUPPLIER : DuPont 


C-C -- 

' ' 

H F / 


CF 3 F 


4, PHYSICAL PROPERTIES 


Physical state : rubbery solid 

Color : white 

At. comp. i (CgHg gFg 

MW: (18V.08)„ 

3 ^ 

Density (g/cin ) : TMD : 

Nominal : 1 . 8 - 1 .9 

m.p. ("C (K)): 
b.p. (»C(K)): 
v.p, (mm Hg (Po) ) : 

Brittle point (*C (K) ) : 
f.p. (“C (K) ) : 


u. CHEMICAL PROPERTIES 


AHf (kcal/m.ol (kJ/mol) ) : -332.7 (-1392) 


Crystal data : 


Shore hardness : A 40-6'' (71 cured) 


7. MECHANICAL PROPERTIES 


Tensile strength (psi (kPa) ): 


Solubility ($-$ol., $l-sl. sol., i-in$ol.) : 
a — acetone, MEK, MIBK, n-butyl acetate, THF 


Elongotion (‘’X) : 


6 . THERMAL PROPERTIES 


X: 5.4 X 10“^ cal/cra-soc-'’C (0.226 V'/m-K) 

CTE ! a ■ 65.0 Min./in.-°F ac <-6 ‘’f 
a 17 uni/m-K at <252 K) 

a » 145.2 pin./in.-“F at -6 to 165°F 
(254.8 pm/m-K at 252-347 K) 

6 - ~450 pni/m-K at <253 K 
- 72« pm/m-K at 253-343 K 


10. ELECTRICAL PROPERTIES 



11. TOXICITY 


Tg(*F{K)): -27'>C (246 K) 

C {cal/g-‘’C(kJ/kg-K) ) : 0.35(1.484) 

P 


NOTES 






















EXPLOSIVE: XTX-8003 


DESIGNATION; 


XTX~8003 


2. STRUCTURE OR FORMULATION 


wt% 

pj;tn 80 

Silicone rubber 20 


4. PHYSICAL PROPERTIES 


Physical state: putty curable to rubbery solid 
Color: white 

At. comp.: ^1.80^3.64^1.01°3.31^‘0.27 
MW: 

Density (g/cm ): TMD: 1.556 

Nominal: =1.53 

m.p. ('C (K)): 129-135 (402-408) 
b.p. (•C(K))t — 

v.p, (mm Hg (P.a)): — 


Crystal data: — 


R: — 


5, CHEMICAL PROPERTIES 


A H^^j (kcal/g (MJ/kg)): ^2°(i) _ 

Cole: 1.88 (7.89) 
Exp: 1.16 (4.85) 

A Hj (kcal/mol (kJ/mol)): -39 (-163) 

Solubility (s - sol., $1 -$l, sol., i - insol.): 


"20(g) 


6. THERMAL PROPERTIES 


1.69 (7.07) 
1.05 (4.39) 


6. THERMAL PROPERTIES (continued) 


T (”F(K)): — 

9 


Cp(cal/g-»C(kJ/kg-K)): 

Est.: 0.27 (1.13) 

Thermal stability (cm^of gas evolved at 120 “C 

(393 K))! 

0.25 g for 22 hr: < 0.02 at lOO^C (373 K) 
1 g for 48 hr: — 


8. DETONATION PROPERTIES 


D (mm/ittec (km/$)): 7.30 (p= =1.53 ) 

-1 


P^j (kbar (10 ' GPa))i 

Maas.: 170 
Cksic.: 210 


(P= 1.546 ) 


Ej.y|(('nm/P4ec)^/2 (MJ/kg)): (p= 1.554 ) 

6 mm: 0.710 
19 mm: 0.950 


9. SENSITIVITY 


Hjo (n): 


12 tool 


12B tool 


5 kg: Cured; 0.21 

5 kg: Uncured: 0.25 

2-5 kg: 0.31 0.42 

Susan test: Threshold velocity ■' 160 ft/sec 
(~49 m/s); has very smsdl probability of 
buildup to violent reaction. 


Skid test: 

Impoct angle (deg (rod)) Drop ht. (ft (m)) Event 


Gap test (mils (mm)): (p= 1.53 

LANL-SSGT: Cured; 130-160 (3.3-4.1) 
LANL-SSGT: Uncured: 160-190 (4. 1-4.8) 


\: 1.42 X 10 ^ cal/cm~sec-'’C (0.143 W/m-K) 

CTE: 

.1 ■= 68.8 uin./in.-“F at -22 to ISS^F 
(123.8 um/m-K at 243-343 K) 

.X - 77 ijin./in.-'>F at 75 to ISO^F 
(139 um/m-K at 297-339 K) 

3 - 413.7 ura/m-K at 219-296 K) 


10. ELECTRICAL PROPERTIES: 


11. TOXICITY 













XlX-8903 

7. MECHANICAL PROPERTIES 










EXPLOSIVE: XTX-8004 


DESIGNATION; 


XrX-8004 


2, STRUCTURE OR FORMULATION 


RDX 8 

Sylgard 182 2 



4. Pr.YSICAL PROPERTIES 


Physical s' se: solid 
Crloi’: vshlte 

At. comp.: 78*^2.16^2.43^^0.27 

MW: 

Density (g/cm ): TMDi 1.579 

Noiwinol: “1.55 

m.p. (®C(K))! 200 with dec. 

b.p. rC(K)): 

v.p. (mm Hg (Pq) ): 
hygroscoplaty 
hardness: S55 


Gystal data; 


6 . THERMAL PROPERTIES (continued) 


Tg(“F (K)h 


Cp(cal/g-“C (kJ/kg-K)): 


Thermal stability (cm"^ of gas evolved at 120 ®C 
(393 K): 


0.25 g for 22 hr: ~0.06 
1 g for 4G hr: 


8. DETONATION PROPERTIES 


D (mm/^ec (km/s)): 7.22 ( p- ~1.55 ) 


Pj-j (kbar do"’ GPa)): 

Meat.: 

Culc.: 


E^^|({irtm/ptec)'^/2 (MJ/kg)); (p = 


9. SENSITIVITY 


Hen (in): 


2.5 kg: 


12 ^ 12’ I t'wj 

0.65-0.70 1.4'.-)..70 


Susan test: 


5. CHEMICAL PROPERTIES 


AH, , (kcal/g (MJ/kg)): ^<2° (i ) ^*^( 9 ) 


Calc: 1.8V (7.82) 1.67 (6.99) 

Exp: 


AH^(kcal/mol (kj/mol)):(-5.94) 


Skid test: 

Impact ongle (deg (rod)) Prop ht, (ft (ir./) Event 


Solubility (s-sol., si -si. sol., i -Insol.): 

s—acetone, DMFA, DMSO, N-methylpyrro.lidone 
si--ethanol, pyridine 

1—benzene, carbon disulfide, carbon tetrachloride, 
chloroform, ethyl acetate, ethyl ether, water 

6. THERMAL PROPERTIES 


X: 3.42 X 10 ^ cal/cra-sec-°C (0,143 W/m-K) at 313 K 
CTE: Cl 231 pm/m-K 


Gap test (mils (mm)): 
LANL-SSGT: (1.96) 


10. ELECTRICAL PROPERTIES: 
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